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Abstract

Recently, Amnon Neeman settled a bold conjecture by Antieau, Gepner, and Heller regarding
the relationship between the regularity of finite-dimensional noetherian schemes and the existence of
bounded ¢-structures on their derived categories of perfect complexes.

In this paper, using different methods, we prove some very general results about the existence
of bounded #-structures on (not necessarily algebraic or topological) triangulated categories and their
invariance under completion. We show that if the opposite category of an essentially small triangulated
category has finite finitistic dimension in our sense, then the existence of a bounded #-structure on it
forces it to be equal to its completion. We also prove a parallel result regarding the equivalence of all
bounded 7-structures on any intermediate triangulated category between the starting category and its
completion.

Our general treatment, when specialized to the case of schemes, immediately gives us Neeman’s
theorem as an application and significantly generalizes another remarkable theorem by Neeman about
the equivalence of bounded 7-structures on the bounded derived categories of coherent sheaves. When
specialized to other cases like associative rings, nonpositive DG-rings, connective [E-rings, trian-
gulated categories without models, etc., we get many other applications. Under mild finiteness as-
sumptions, these results give a categorical obstruction (the singularity category in our sense) to the
existence of bounded z-structures on a triangulated category. The strategy used in our treatment is
introducing a new concept of finitistic dimension for triangulated categories and lifting #-structures
along completions of triangulated categories.
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1 Introduction

Bounded ¢-structures of triangulated categories (see [7]) have attracted considerable attention in many
branches of mathematics including algebraic geometry, algebraic topology, representation theory, and cat-
egory theory. In particular, they have been widely applied to the representation theory of finite groups of
Lie type on character sheaves, motivic homotopy theory, the theory of stability conditions on triangulated
categories (for example, see [18, [37, [11]), etc. A fundamental problem regarding bounded z-structures
is how to judge whether a general triangulated category admits a bounded t-structure. Obviously, any
easily computable obstruction to the existence of bounded ¢-structures would be helpful for understanding
this problem.

An outstanding development, made by Antieau, Gepner and Heller, was finding K-theoretic obstruc-
tions to the existence of bounded ¢-structures (see [3]]). They proved that if a small, stable oo-category has
a bounded ¢-structure, then its negative K-group in degree —1 vanishes, and all negative K-groups vanish
when additionally the heart of the #-structure is noetherian (see [3, Theorems 1.1 and 1.2]). Although
there exist a lot of singular schemes with vanishing negative K-groups, they boldly conjectured that if X is
a finite-dimensional noetherian scheme, then the derived category @pe‘f(X ) of perfect complexes on X has
a bounded z-structure if and only if X is regular (see [3, Conjecture 1.5]). Smith proved the conjecture for
affine X (see [30, Theorem 1.2]). More recently, Neeman has proved a generalization of this conjecture:

Theorem 1.1. [31, Theorem 0.1] Let X be a finite-dimensional, noetherian scheme and let Z C X be

a closed subset. Let @gerf(X ) be the derived category of perfect complexes on X whose cohomology is

supported on Z. Then .@Serf(X ) has a bounded t-structure if and only if Z is contained in the regular locus
of X.

In the conclusion of Theorem [1.1] one direction is clear because the condition that Z is contained in

the regular locus of X is equivalent to the equality Z2°"(X) = Doy, 7(X). Here Z5 /(X) denotes the

Ci
derived category of bounded complexes of sheaves with coherent cohomology supported on Z, and this
category always has an obvious bounded ¢-structure.

However, the other direction in the conclusion of Theorem |1.1} which says that the existence of a
bounded z-structure implies regularity, is highly nontrivial. One of the key points in Neeman’s proof
is the use of metric techniques in the theory of approximable triangulated categories. This language of
approximability has proved to be very useful in settling several open problems and conjectures on strong
generation of triangulated categories (see [29]).

Another concept introduced by Neeman is the notion of a completion of a triangulated category.
Roughly speaking, given a triangulated category equipped with a good metric, there is a procedure to
produce a new triangulated category, called its completion with respect to this metric (see Section
for the relevant definitions and construction). Note that this completion only depends on the equivalence
class of the good metric. For example, with the hypothesis of Theorem , the category @gerf(X ) has an

intrinsically defined equivalence class of good metrics. The completion of szerf(X ) with respect to any
metric in this equivalence class, called a preferred good metric (see Example [2.9), is just the triangulated
category 22, ,(X). So, the assertion of Theorem [1.1| can be formulated equivalently: @Zperf(X ) has a
bounded t-structure if and only if it is equal to its completion with respect to a preferred good metric.

With similar techniques, Neeman has also proved the following theorem on the equivalence of all
bounded #-structures on -@éjoh.z (X) in some particular cases.

Theorem 1.2. [31, 9.3.1] Let X be a finite-dimensional, noetherian scheme and let Z C X be a closed
subset. Then all bounded t-structures on the category '@é’oh‘Z(X ) are equivalent if any of the following
conditions hold: (a) Z is contained in the regular locus of X; (b) X admits a dualizing complex; (c) X is
separated and quasiexcellent, and Z = X.



In the last paragraph of [31, Section 9]), he further said that “presumably the equivalence of the
bounded t-structures on .@Choh ,(X) holds in a generality greater than we can prove now”. This can be
related to a more general prdblem of classifying all triangulated categories with only one equivalence
class of bounded #-structures.

In this paper, we give a new obstruction to the existence of bounded z-structures on general trian-
gulated categories satisfying a finiteness condition and establish related results about the equivalence of
bounded #-structures. In particular, we prove that, for any finite-dimensional, noetherian scheme X and
any closed subset Z of X, all bounded #-structures on chohz (X) are equivalent, achieving Neeman’s ex-
pectation on a generalization of Theorem[1.2] '

1.1 Our main results on bounded 7-structures and completions

In this section, we state our main results, which establish a relationship between the existence of bounded
t-structures and the invariance of triangulated categories under completion. These results can be viewed
as categorical generalizations of Neeman’s theorems to arbitrary triangulated categories, formulated in
the language of completions. Beyond the case of noetherian schemes, our results can also be applied to
many other contexts yielding a series of new corollaries.

Instead of working with preferred good metrics on a triangulated category, as Neeman does, we work
with good metrics generated by objects, and complete the category with respect to such metrics. Assume
that the opposite category of our triangulated category has finite finitistic dimension at a fixed object. Then
we show that the existence of a bounded ¢-structure on the triangulated category implies the invariance
of this category under taking the completion with respect to the good metric generated by the object. We
also show that all bounded z-structures on any intermediate category between our triangulated category
and its completion are equivalent.

To state our results more precisely, we first introduce some definitions and notation. Throughout this
section, let . be an essentially small triangulated category with the shift functor denoted by [1].

Let G be an object of .. For each integer n, we define G(—eo,n] := {G[—i] | i < n} and denote by
(G)(==" (resp., (G)!"=)) the smallest full subcategory of .# containing G[—n] and closed under exten-
sions, direct summands and positive (resp., negative) shifts. We refer to Definition[2.1]for the construction
of objects of these categories by iteration. Let (G) := UneN<G>(*°°‘f”] be the thick subcategory of . gen-
erated by G. If . = (G), then G is called a classical generator of .. For 2~ C . a full subcategory, we
denote by 2"+ the full subcategory of . consisting of all objects ¥ with Hom »(X,Y) =0 for X € 2.

In the representation theory of algebras, finitistic dimension and related concepts are ubiquitous, and
it is from there that we derive our inspiration. Preceding our work, Krause has introduced an important
notion of finitistic dimension for triangulated categories in terms of the generativity of objects (see [23]
or Definition [B.8), which supplies the first way to characterize the finiteness of the (small) finitistic di-
mension of a ring as a property of the derived category of perfect complexes. However, this notion of
finitistic dimension is not connected/related to the good metrics, with respect to which we will complete a
triangulated category to obtain our results, and is thus not suitable for our general treatment. For our aim,
we introduce the following notion of finitistic dimension for triangulated categories which is completely
new and of independent interest.

Definition 1.3. The finitistic dimension of . at an object G is defined to be
findim(.7,G) := inf {n € N | G(—o0, —1]* C (G)*)[n]}.
We say that . has finite finitistic dimension if there is an object G with findim(.7,G) < oe.

The reason why we still use the terminology “finitistic dimension” for Definition|1.3|is that the finitis-
tic dimension of the derived category of perfect complexes over a ring at the regular module is exactly the



(small) finitistic dimension of the ring (see Lemma[4.1(5)). For more elementary properties of our defini-
tion of finitistic dimension, we refer to Lemmal4.1] In particular, in the presence of a bounded -structure
on a triangulated category, the only objects at which the category can possibly have finite finitistic dimen-
sion are classical generators. Moreover, the finiteness of finitistic dimension (at classical generators) will
be shown for several classes of triangulated categories, for example:

(i) a triangulated category with an algebraic t-structure (that is, the ¢-structure is bounded and its
heart is a length category with finitely many isomorphism classes of simple objects), such as the bounded
derived category of finitely generated modules over an Artin algebra,

(if) a triangulated category with a strong generator, or equivalently, with finite Rouquier dimension
(see [35]), such as the bounded derived category of coherent sheaves over a noetherian, separated, finite
dimensional, quasiexcellent scheme,

(iif) the singularity category of a Gorenstein Artin algebra or of a self-injective differential graded
(DG) algebra over a field,

(iv) the derived category .@Eerf(X ) of perfect complexes on a quasicompact, quasiseparated scheme X
with cohomology supported on a closed subset Z, where X has finite finitistic dimension (for example, X
is finite-dimensional and noetherian, see Definition 4.13) and the complement X — Z is quasicompact,

(v) the perfect derived category of a DG algebra with some conditions on its cohomology.

Further, some other types of finitistic dimension in Appendix [B| such as the finitistic dimension of
nonpositive DG rings introduced in [9], provide upper bounds for the finitistic dimension of particular
triangulated categories (see Proposition and Corollary B.5). Most importantly, the assumption that
the finitistic dimension of certain relevant triangulated categories is finite allows us to implement our
methods on bounded #-structures.

As we have said above, we are particularly interested in good metrics determined by objects. Recall
that a good metric on a triangulated category consists of countably many descending subcategories of the
category which are closed under extensions and certain shifts (see Definition [2.8] for details).

Definition 1.4. A good metric .# := {.#,},en on .7 is called a G-good metric if it is equivalent to the
good metric {(G)(~"},cn on .7 generated by G, that is, for each 7, there exist nonnegative integers
ay, and by, (depending on n) with .4, C <G>(*°°’*"} and (G>(*°°’*b"] C M.

The completion of .7 at G, denoted by S (.¥), is defined to be the completion of .’ with respect to
any G-good metric on ..

We denote by .#°P the opposite category of . and by .’-Mod the abelian category of additive func-
tors from .°P to the category of abelian groups. For simplicity, .7 is identified with its essential image in
-Mod under the Yoneda functor. By definition, Sg(.) C .%’-Mod consists of the colimits of Cauchy
sequences in .’ (with respect to the metric .#) which vanish at .#, for some n. In general, .7 is not a full
subcategory of G (). Note that equivalent good metrics produce the same completion, and different
classical generators of a triangulated category yield equivalent good metrics. Thus Gy (.¥) = Sg(¥)
whenever (H) = (G) C .. In particular, if .% has a classical generator, then S (.¥) is independent of
the choices of classical generators G of .7

The main result of the paper reads as follows.

Theorem 1.5. Let .7 be an essentially small triangulated category with an object G. Suppose that the
finitistic dimension of °P at G is finite. Then the following statements are true.

(a) If 7 has a bounded t-structure, then . = Sg(7).

(D) If 2 is a full triangulated subcategory of Sg() with ¥ C 2, then all bounded t-structures on
2 are equivalent. In particular, if ¥ C S(.), then all bounded t-structures on S () are equivalent.

Theorem[1.5)(a) implies that if there is an object G € .# with findim(.°P, G°) < o and .7 # S(.7),
then .# has no bounded z-structure. In light of this observation and some known examples of completions,
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one may reasonably define the almost singularity category of . at the object G as
Z5¢(6) :=66(S) /(L NG6()),

which is the Verdier quotient of S () by the triangulated subcategory . N S (). Further, we call
it the singularity category of . at G in the case that . C & (). This always happens, for example,
if . has a bounded ¢-structure (see Theorem (2)). We might say that . is almost regular at G if
Z2(G) = 0; regular at G if ¥ = G(.). Then .7 itself is said to be (almost) regular if it is (almost)
regular at one (and thus also all) of its classical generators. Thus Theorem (a) can be roughly phrased
as, the existence of a bounded t-structure on a triangulated category implies the regularity of the category
at objects. In other words, under a finiteness assumption on the finitistic dimension, the singularity
category is an obstruction to the existence of bounded t-structures.

This concept of singularity category for triangulated categories encompasses both the algebraic and
geometric notions of singularity categories, and is also of independent interest. We refer to Definition[2.24]
and Example for more details. In Appendix |A] we also compare the notion of almost regularity to
that of an almost regular E,-ring R, and show that these notions agree when .# is the homotopy category
of the stable co-category of perfect left R-module spectra (see Corollary [A.6).

Let us illustrate some distinct features of Theorem L3l

Firstly, Theorem is enhancement-free, that is, the triangulated category .# does not necessarily
admit a DG-enhancement or an co-categorical enhancement. Thus it can be also applied to triangulated
categories that are neither algebraic nor topological. Secondly, we don’t assume that there exists a good
extension (Definition from .¥ to another triangulated category .7 with coproducts. In general, the
existence of a good extension would have many technical advantages. For example, the completion of .7
with respect to a good metric is equivalent to a full triangulated subcategory of .7 (see Theorem [2.19),
and therefore we can use the triangulated structures or categorical properties of .7 (e.g. compact or strong
generation) to study the completion of .. However, without any enhancements or good extensions, we
can only discuss the completions of triangulated categories under the framework of functor categories.
Finally and most importantly, our strategy for proving Theorem I.3]is lifting (not necessarily bounded) ¢-
structures from a general triangulated category to its completion with respect to any good metric and using
the finiteness of finitistic dimension to obtain equivalent good metrics. This is different from Neeman’s
strategy of the proof of Theorem which relies on lifting any bounded ¢-structure on Z5™(X) to the
standard ¢-structure on the unbounded derived category Zycz(X) up to equivalence (see Theorem m

and [31, Lemma 6.1]), where the inclusion @gerf(X ) = Pqc.z(X) is a good extension. We are highlighting
a part of our lifting theorem below.

Theorem 1.6. (part of Theorem[3.3)) Let .7 be an essentially small triangulated category with a good met-
ric M, and let (/<0,.72Y) be a t-structure on ¥ that is “extendable” with respect to ./ (see Definition
3.2). Then (S(<%),&(#>9)) is a t-structure on &(.) with its heart and its coaisle equivalent to the
heart and the coaisle of (#<°,.#2°), respectively. Here, for a full subcategory o/ of .7, the category
& () can be thought of as the completion of ¥ with respect to M and </ (see Definition :

Theorem and the more elaborate Theorem answer a question by Neeman proposed in his
ICM 2022 Proceedings paper —‘Are there similar theorems about t-structures in . going to t-structures
in §(.7)?” (see [32] p.1653]). We also point out that any bounded above ¢-structure is extendable with
respect to a metric defined by an object (see Lemma([3.3|3)), which lays the foundation for lifting bounded
t-structures.

1.2 Consequences of our main result

The calculation of completions of triangulated categories is very crucial if we are to use Theorem (a)
to find a potential obstruction to the existence of bounded ¢-structures. Based on Neeman’s work on good



extensions of triangulated categories (see Theorem [2.19), we can apply Theorem [I.5]to the category of
compact objects of a compactly generated triangulated category.

Let .7 be a compactly generated triangulated category which has a single compact generator G. Let
T¢ C 7 consist of all compact objects. Given a t-structure (.7S°,.729) on .7 in the preferred equiv-
alence class (Definition , there are two intrinsic categories .7, and .7’ defined in Definition
regarded as the closure and bounded closure of 7 in 7, respectively. They are thick, triangulated sub-
categories of .7 if Hom (G, G[i]) = 0 for i > 0, which often holds in practical applications. When the
above t-structure restricts to a z-structure (9 <0n T, T 20N 9{) on .7~ (see [27, Definition 5.1]), the
category 7" has a bounded t-structure (.7<°N.Z, 72°N.Z?). In this case, an easy conclusion is that if
T¢ = 7P, then 7¢ has a bounded ¢-structure. Our first corollary provides a converse of this conclusion.

Corollary 1.7. Suppose that Hom (G, G[i]) = 0 for i > 0 and the category (.7 )P has finite finitistic
dimension.

(1) If 7€ has a bounded t-structure, then ¢ = T".

(2) If 2 is a full triangulated subcategory of T with T¢ C 2 C TP, then all bounded t-structures
on 2 are equivalent.

Next, we illustrate two special cases of Corollary [1.7|related to schemes and ordinary rings.

Let X be a quasicompact, quasiseparated scheme (for example, an affine scheme or a noetherian
scheme). Recall that a (cochain) complex M*® of Ox-modules with quasicoherent cohomology is said to
be pseudocoherent if, for any open immersion i : U — X with U an affine open subset of X, the restriction
complex i*(M*) of M* to U has bounded above resolutions by finite-rank vector bundles, or equivalently,
identifying U with the spectrum of a commutative ring A, the complex i*(M) is isomorphic to a bounded
above complex of finitely generated projective A-modules. Clearly, pseudocoherence is a local property.
Further, let Z be a closed subset of X such that X — Z is quasicompact. We denote by @é’éf’Z(X ) the
derived category of pseudocoherent complexes on X with cohomology supported on Z and with bounded
cohomology. This category contains szerf(X ), and equals @é’oh ~(X) for a noetherian scheme X.

Let R be an associative ring with identity. We denote by R the opposite ring of R, and by R-proj and
R-mod the categories of finitely generated projective and finitely presented left R-modules, respectively.
As usual, %, & and b stand for homotopy category, derived category and bounded cohomology, respec-
tively. For instance, .# ~*(R-proj) is the homotopy category of bounded above complexes of finitely
generated projective left R-modules with bounded cohomolgy. We also denote by findim(R) the finitistic
dimension of R, which is by definition the supremum of projective dimensions of those left R-modules hav-
ing a finite projective resolution by finitely generated projective R-modules (for example, see [6} (15} [23]).
When the supremum is taken over the projective dimensions of all left R-modules with finite projective
dimension, the big finitistic dimension Findim(R) of R is defined. For a commutative noetherian ring R, it
is known that findim(R) < Findim(R) = dim(R), the Krull dimension of R (see [34]).

Corollary [I.8|1) generalizes Theorem [I.1| beyond noetherian schemes, and Corollary [T.§(2) extends
Theorem in full generality. Our assumptions on the scheme X and the finiteness of the finitistic
dimension in Corollary[l.8|is weaker than the scheme being noetherian and finite-dimensional. Moreover,
our proof of Corollaryis independent of the weak approximability of Z,. z(X) that was shown in [31]].

Corollary 1.8. Let X be a quasicompact, quasiseparated scheme and let Z be a closed subset of X such
that X — Z is quasicompact. Suppose that X has a finite affine open covering X = \Ji_, Vi, where V; is
isomorphic to the spectrum of R; for some commutative ring R; with findim(R;) < oo for each i. Then:

(1) 1f @gerf(X ) has a bounded t-structure, then @gerf(X ) = @ézf’Z(X ). In particular, if all R; are

noetherian rings, then @Zperf(X ) has a bounded t-structure if and only if Z is contained in the regular
locus of X.

(2) All bounded t-structures on any triangulated category between @gerf(X ) and @5E§(X ) are equiva-
lent. In particular, if all R; are noetherian rings, then all bounded t-structures on @foh’z (X) are equivalent.
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A special case of Corollary [I.8]2) is the following result.

Corollary 1.9. Let X be a finite-dimensional, noetherian scheme and let Z C X be a closed subset. Then
all bounded t-structures on the category @Cbohz(X ) are equivalent.

Corollary [T.10(1) generalizes [36, Theorem 1.2] which deals with commutative noetherian rings of
finite Krull dimension. Further generalizations of left coherent rings to left coherent E;-rings and non-
positive DG-rings are given in Corollaries and[B.7]

Corollary 1.10. Let R be a ring with identity. Suppose findim(R°P) < oo. Then:
(1) If #°(R-proj) has a bounded t-structure, then % (R-proj) = & ~"(R-proj). In particular, if R
is left coherent, then " (R-proj) has a bounded t-structure if and only if # " (R-proj) = 2°(R-mod).
(2) All bounded t-structures on any triangulated category between #*(R-proj) and # ~*(R-proj)
are equivalent.

Remark 1.11. For an Artin algebra R, Corollary l) has an easy application: if findim(R") < oo,
then %" (R-proj) has a bounded ¢-structure if and only if R has finite global dimension. It is already
known that all bounded ¢-structures on 2”(R-mod) are equivalent without any finiteness assumptions on
the finitistic dimension of R or R” (for example, see [, Lemma 3.22]). However, by Corollary[1.10(2), all
bounded ¢-structures on any triangulated category between .#?(R-proj) and 2”(R-mod) are equivalent
provided ﬁndim(ROp) < oo, There are plenty of intermediate categories, for example, the bounded derived
categories of resolving subcategories (in the sense of Auslander and Reiten) of R-mod as exact categories.
An example of a resolving subcategory is the category of finitely generated Gorenstein-projective left
R-modules.

Corollary [I.10(2) (and also Corollary [1.8(2)) does not hold without the finiteness assumption on the
finitistic dimension. Let R := k[x;,x2,x3, - - -] be the polynomial ring in countably many variables over a
field k. We show that .#"® (R-proj) admits two bounded ¢-structures that are not equivalent (see Proposition
@]). In this example, R is commutative, coherent and regular, but has infinite finitistic dimension.

We can also apply Theorem (a) to triangulated categories that may not have any enhancements.
The following result is a major generalization of the implication of (i) to (i) in [I, Proposition 4.12]
which deals with the category .#?(R-proj) for a finite-dimensional algebra R over a field.

Corollary 1.12. Let . be an essentially small triangulated category. If . has an algebraic t-structure,
then . = &g(.) for any classical generator G of .

Motivated by the main results in the paper, we propose the following open questions.

Question 1. For any essentially small triangulated category . with a classical generator G, does the
existence of a bounded z-structure on .’ imply that the singularity category of .# at G is trivial?

Question 2. Let R be a left coherent ring. If .#*(R-proj) has a bounded ¢-structure, is R left regular?

Question 3. When does the homotopy category of perfect modules over a left coherent E;-ring have
finite finitistic dimension?

Question 2 is a special case of Question 1. In the case of Artin algebras, Question 2 has a positive
answer if the well-known finitistic dimension conjecture (that is, all Artin algebras have finite finitistic
dimension) is true, due to Corollary [I.10]and Remark [I.TT} The discussion relevant to Question 3 can be
found in Appendix

1.3 Outline of the contents

The contents of this article are sketched as follows. In Section [2| we fix some notation, recall the def-
initions of #-structures and completions of triangulated categories, and recall some central theorems on



completions. In Section [3.1] we introduce the notion of an extendable #-structure on a triangulated cate-
gory, and show that such a #-structure can be lifted to a ¢-structure on the completion of the triangulated
category (see Theorem[3.5)). In Section[3.2] we provide necessary conditions for the existence of bounded
t-structures on triangulated categories in terms of their completions. The main result is Theorem [3.11]
which implies Theorem|[I.5] We also discuss the lifting of bounded ¢-structures on the completion of a tri-
angulated category to ¢-structures on a bigger triangulated category that has the given category as the full
subcategory of compact objects (see Theorem [3.13)). In Section we introduce the notion of finitistic
dimension for triangulated categories at a fixed object of the category, and we show how this notion is
very well behaved when the category admits a classical generator. We also prove the finiteness of finitistic
dimension for several classes of triangulated categories. In Section[4.2] we give proofs of all corollaries
mentioned in the Introduction.

There are two appendices. In Appendix [A] we calculate the completion of the homotopy category of
perfect complexes over a connective ring spectrum (see Theorem[A.5) and establish a connection between
the existence of bounded #-structures on the homotopy category and the regularity of the ring spectrum
(see Corollary [A.7). Note that Krause has introduced another notion of the completion of triangulated
categories (see [22]]). Incredibly, both kinds of completions produce the same triangulated categories in
several typical cases (see Remark [A.§]2)).

In Appendix [B] we discuss some other ways of defining finitistic dimension for particular triangulated
categories that exist in the literature. This enables us to bound the finitistic dimension of the perfect
derived category of a nonpositive DG ring by its finitistic dimension (see Corollary [B.6).

2 Preliminaries

In this section we briefly recall some notation, definitions, and basic facts used in this paper.

2.1 General notation and facts

Throughout the paper, let .7 be a triangulated category with the shift functor denoted by [1]. The ex-
tension of full subcategories 2" and % of .7, denoted by Z x %/, is by definition the full subcate-
gory of .7 consisting of objects Z such that there exists a (distinguished) triangle X — Z — Y — X|[1]
in 7 withXeZ andY e#. If Zx2Z C2Z, then Z is said to be closed under extensions in
7. By Hom4 (2 ,%) = 0, we mean that Hom»(X,Y) =0 for any X € 2" and Y € #. Further, we
define 2+ :={Y € 7 | Hom4(Z,Y) =0} and 12 := {Y € 7 | Hom#(Y,2") = 0}. For a mor-

phism f: X — Y in .7, the third term Z in a triangle X Ty 5z X[1] in .7 is called the cone

of f and denoted by Cone(f). Note that Cone(f) is unique up to isomorphism. For a triangle functor
F: 7 — J' of triangulated categories, we denote by F(.7) the essential image of 7 under F, that is,
F(7)={X'"€e 9" |X'~F(X), X € Z}. The opposite category of .7 is denoted by .7 °P.

Suppose that .7 has (small) coproducts, that is, coproducts indexed over sets exist in 7. An object
X € 7 is said to be compact if the functor Hom (X, —) from .7 to the category of abelian groups
commutes with coproducts. We denote by .7 the full subcategory of .7 consisting of all compact objects.
This is a full triangulated subcategory of .7 closed under direct summands. A chain {X.,fo} in 7
consists of a countable collection of objects {X), },en together with morphisms { f+1 : X, — Xut1 fren.
The homotopy colimit of a chain {X,, f.}, denoted by Hoglian, is defined to be the cone of the map

1—f: DX, — P X,, where f, stands for the direct sum of f, ;| : X;, — X,,11 for all n.
n=0 n=0



Definition 2.1. We recall some notation and definitions from [29, Reminders 1.1 and 0.1; Definition 1.3]
(see also [13) 2.2] and [33]). If infinite coproducts of objects are involved in the following definitions of
categories, .7 is assumed to have coproducts.

Let o7 be a class of objects in .7 and G an object of .7.

(1) smd(”) (resp., add(.«), Add(</)) denotes the full subcategory of .7 consisting of all direct
summands (resp., finite direct sums, coproducts) of objects in o7

(2) For n > 0, the subcategories coprod,, (/') and Coprod, (<7) of .7 are defined inductively by

coprod, (/) :=add(«/), coprod,_ (<) := coprod, (<) * coprod, (),

Coprod, (/) := Add(<7), Coprod,,_ (<) := Coprod, () * Coprod, (7).

Moreover, let coprod(</) := |J,~ocoprod, (7).

(3) Coprod(«7) denotes the smallest full subcategory of .7 containing .2 and closed under coproducts
and extensions. Clearly, if 27/[1] C &7 or &/ C </[1], then Coprod(.«?) is closed under direct summands
in .7 by the Eilenberg swindle argument.

(4) For two integers A < B, let G|[A,B] := {G[—i] |i € Z, A <i < B}. We also allow A and B to be
infinite, for example, G(—oo, B] := {G[—i] | i € Z, i < B}. Forn > 0, let

(G)* = smd(coprod, (G[A. B)). (G)**:= | (G),", (G),:=(G) ™7, (G) = (G,

n
n>0 n>0

This means that (G) is the smallest full triangulated subcategory of .7 containing G and closed under
direct summands. .

(5) Let A < B be integers (possibly infinite). We define (G), " := smd(Coprod, (G[A,B])) for n > 0

and @[A’B] := smd(Coprod(GJA, B])). For simplicity, we write (G) for @(ﬂo’m) that is the smallest full

triangulated subcategory of .7 containing G and closed under coproducts.
(6) The object G of 7 is called a classical generator it 7 = (G); a strong generator if there exists a

nonnegative integer n such that .7 = (G),,, ;; and a compact generator if G is compact in .7 and .7 = (G).
The following result is immediate from [29, Proposition 1.9].

Lemma 2.2. Let 7 be a triangulated category with coproducts and <7 a full subcategory of 7 €. Then
7 “NCoprod(/) C smd(coprod(.?)). In particular, if T is compactly generated and has a compact
generator G, then G is a classical generator of T °.

2.2 t-structures on triangulated categories

In this section, we recall the definition of #-structures on triangulated categories, as well as a method for
constructing z-structures starting from a collection of compact objects.

Definition 2.3. [[7, Definition 1.3.1] Let .7 be a triangulated category. A pair of full subcategories
(750, 72% in 7 is called a t-structure on 7 if the following conditions are satisfied:

(T1) 75 ' C 70and 729 C 727! where 7" := 7 <—n] and 7" := T >°[—n] for n € Z;

(T2) Hom 7 (.7 <71, 729 = 0;

(T3) for each object X € .7, there exists a triangle X<~ ! — X — X2 — X<~1[1]in 7 with XS~ €
T <"1 and X0 € 729 in other words, 7 = 7S x 720,

The categories .7 <" and .7 2" are called the aisle and the coaisle of the ¢-structure, respectively.



Let (.75°,.72%) be a t-structure on .7. Then (7"t = 72" and +(7>") = 7", Up to
isomorphism, there exists a unique triangle X<"~! — X — X>" — X<""1[1] in 7 with X< ¢ <11
and X>" € 72", Moreover, the category 7 := 7 <91 .72" is an abelian category and called the heart
of (79,729 (see [, Theorem 1.3.6]). Further, let

T =7 7t=J77" ad 7" =T nT".

neN neN

We say that (<9, 72%) is bounded above, bounded below and bounded it 7 = 7, 7" and I?,
respectively. Two z-structures .7 := (7] <0 7, 20) fori = 1,2 on .7 are said to be equivalent if there exists
a natural number n with 7,57" C 9;0 C Z;~". Equivalent t-structures give rise to identical .7 ~, 7+
and 7°. Moreover, (.7<°,.729) restricts to a bounded ¢-structure (<N 7%, 729N .7") on 7.

Example 2.4. Let .7 be a triangulated category with coproducts. Let <7 be a set of compact objects in .7
with o7 [1] C 7. It is known that (Coprod(.<7), (Coprod(7)[1])*) is a t-structure on .7 (see [2, Theorem
A.1 and Proposition A.2] and [14, Theorem 2.3.3]). This is called the ¢-structure on 7 generated by < ,
and such ¢-structures are called compactly generated t-structures. In particular, for any compact object G

of 7, there exists a unique z-structure (75", 77 ") on 7 generated by G, that is, 75" = @(_w,o] and
9020 = G(—o,—1]*+. Both ngo and 9620 are closed under coproducts in .7. Moreover, if H is another
compact object of .7 with (H) = (G), then the ¢-structures on .7 generated by G and by H are equivalent.

Definition 2.5. [30, Definition 0.14] Let .7 be a compactly generated triangulated category. If .7 has a
compact generator G, then the preferred equivalence class of t-structures on .7 is defined to be the one
containing the ¢-structure (,750, 9020) generated by G.

The restriction to .7¢ of the aisle of a ¢-structure on .7 in the preferred equivalence class can be
controlled by the compact generator of 7.

Lemma 2.6. Let 7 be a compactly generated triangulated category with a compact generator G. Then
the following statements are true.

(1) 7N ,750 = (G)(==0],

(2) Let (70,72 be a t-structure on 7 in the preferred equivalence class. Then there is a non-
negative integer n with (G)(==~" C 7N .70 C (G)(==",

Proof. Recall that 950 = @(_M’O] = Coprod(G(—e»,0]). By Lemma , 7N ﬂG@ C (G)(==0), Since
(G)(==0 € 7¢N 50, we have 7¢N T = (G) (=0, This shows (1). Since (70, 72°) is equivalent
to (950, ,7620), there is a nonnegative integer n such that 357” C 730 C ,75". By (1), we have
(G = = 7N g5 CTNT0C 7°NTF5" = (G)~="]. This shows (2). O

Let .7 be a triangulated category with a classical generator G. We define a thick subcategory of .7
S '=1{X € Y |Hom»(G[n],X) =0, n > 0}.

The objects of .7 can be regarded as truncated objects with respect to G, similar to truncated modules
over connective E;-rings (see Definition[A.4). Clearly, different classical generators define the same .7.
Moreover, .%. = .7 if and only if G € .

The following result is simple, but useful in practice. It can be used to show that certain triangulated
categories cannot have any bounded #-structures. For example, for a connective E-ring R, the homotopy
category of perfect R-modules has no bounded ¢-structure provided that there are infinitely many nonzero
homotopy groups of R.
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Lemma 2.7. If . has a bounded t-structure, then . = 7.

Proof. Let (<9729 be a bounded ¢-structure on .. Since G € .7, there is a positive integer n
such that G[n] € .#<0 and G[—n] € #2°. As .#>" C .7 is closed under negative shifts, G[i] € .#>° for
i < —n. It follows from Hom o (7<% .#>%[—1]) = 0 that Hom & (G, G[j]) = 0 for j < —2n— 1. This
implies G € .% and thus .%. = .. O

2.3 Completions of triangulated categories

The main approach in this paper is via the theory of completion of triangulated categories, introduced and
developed by Neeman in a series of papers (see [28},27,130]). In this section, we recall the relevant defini-
tions, examples, and results (Theorems 2.13]and [2.19)) that we will need throughout the paper. Moreover,
we propose the notion of singularity categories for triangulated categories with classical generators, in
terms of completions. This simultaneously generalizes the algebraic and geometric notions of singularity
categories.

Throughout this section, let . be an essentially small triangulated category with the shift functor
denoted by [1].

Definition 2.8. [28| Definition 10] A good metric on . is a sequence # = { M, }nen of full subcate-
gories of . containing 0 and satisfying the following conditions for all n € N:

(Gl) A, x M, = M, that is, 4, is closed under extensions in .&;

(G2) Mg [—1] Uy Uty [1} C A, This implies jfﬂﬂ/‘ C A, []] for any j € Z.

The good metric .# is said to be finer than another good metric .4 := {4} },en if for each n, there
exists m € N such that .#,, C .4,. We denote this partial order by .# < .4". The good metrics .# and
A are said to be equivalent if 4 < N < M.

Good metrics can be obtained from the aisles of ¢-structures by restriction.

Example 2.9. Let .7 be a triangulated category, (.7<°,.7>%) a t-structure on .7, and .# a full triangu-
lated subcategory of 7. Let .4, := . N.7 <" for n € N. Then {.#,, },<n is a good metric on .#, which
is called the good metric induced from the aisle of (7<°,.72°).

If .7 is compactly generated by a compact generator G, and (7<%, .729) is any t-structure on .7 in
the preferred equivalence class, then {7¢N .7 S}, oy is called a preferred good metric on 7¢. This is
a G-good metric (see Definition[1.4) on .7, due to Lemma [2.6(2).

Definition 2.10. [27, Definition 1.6] Let .# := { ., },en be a good metric on .. A chain of morphisms

{Xe, fe} 1 Xo iR Xi iN X, LN X3 — --- in & is called a Cauchy sequence with respect to .# (or a

Cauchy sequence for short when .# is clear) if for any i > 1, there exists n; > 1 such that Cone(f;) € .#;
for all j > n;. The Cauchy sequence {X., f,} is stable if there exists m > 1 such that fj | : X; — X;; is
an isomorphism for j > m.

Lemma 2.11. Let of be a full subcategory of % and let {X., fo} be a Cauchy sequence in . with respect
to M suchthat X, € of foralln € N. If there exists a natural number m such that of C ///,,f orod CLt i,
then the sequence {Xa, fo } is stable.

Proof. Suppose o/ C .. By the definition of Cauchy sequence, there exists a natural number ¢ such
that C,, := Cone(fy,+1) € M+ for n >t. By (G2) in Definition M1 [—1] C M. This forces
C,|-1] € M, Since X, € o C .4, we have Hom(C,[—1],X,) = 0. Thus X, ~ X, ®C,. Note
that Hom(C,,X,,11) = 0 since C, € M1 C My, and X, € & C M;-. Consequently, C, = 0 and
fn 2 Xy — Xyt is an isomorphism for n > ¢. Thus {X,, fo } is stable. The stability of {X,, fo} under the

condition &7 C +.#,, can be shown similarly. O
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Now, we denote by .“-Mod the abelian category of additive functors from .#°P to the category of
abelian groups. The Yoneda functor

y:Y — -Mod, X — Homgy(—,X)
is fully faithful, and the automorphism [1] : . — . induces an automorphism of abelian categories:
r:-Mod — .-Mod, Fw [E(F):X— F(X[—1])]
for F € .#-Mod and X € .#. This implies that £/ (y(X)) ~ y(X[/]) for j € Z.

Definition 2.12. [27, Definition 1.10] Let . be a triangulated category with a good metric .Z =
{A,}nen. Let o7 be a full subcategory of .. We define full subcategories £(<7), €() and &(&/)
of .-Mod:

(1) The objects of £(.e7) are the functors F in .#-Mod such that F ~ cc&mU(Xn), where {X,} is a

Cauchy sequence in .# with respect to .# and with X,, € <7 for all n € N. Clearly, y(.o/) C £(<).
(2) The objects of €(.#’) are the functors F in .-Mod with F(.#;) = 0 for some j > 0.
(3) 6() := L£()NE(S). In particular, S(.¥) is called the completion of . with respect to . .

Theorem 2.13. [28] Theorem 15](see also [27, Theorem 2.11]) Let . be a triangulated category with a

good metric M = { My }nen. Then the category S(.) with the automorphism X is triangulated, where

the triangles are given by the sequences A — B i) c-L Y(A) in &() which are isomorphic to the

colimit of the image under v of a Cauchy sequence (with respect to ') of triangles in .7 :
. B. Ye
{A = {B} =5 {Co} = (A1),

In general, y does not restrict to a functor . — &(.¥) because n(.#’) may not be contained in €(.%).
To make up for this deficiency, we introduce a thick subcategory .7 (.4 ) := U, e ;- of . associated
with any good metric .# which embeds into G(.). The following result is elementary and we leave its
proof to the reader.

Lemma 2.14. (1) For a full subcategory </ of . and for any j € Z, there are equalities of additive
categories: £(|[j]) =X/ (L(A)), €(F) = T/(€(F)) and &(H[j]) = T/(&()).

(2) The functor ¥ restricts to automorphisms of additive categories £(.%), €(.) and &(.7).

(3) The Yoneda functor v restricts to a fully faithful triangle functor (M) — S (). In particular,
WS (A)) =p(F)NE(S).

(4) Equivalent good metrics of % produce the same £(</), €() and S(7).

In light of Lemma 2.14(3), if . (.#) = ., then .# is called an embeddable metric. Note that a
metric ./ is embeddable if and only if n(.7) C &(.¥). If ./ has a classical generator G and ./ is a good
metric on . in the preferred equivalence class, then . (.#) = .#;.. In this case, .# is embeddable if and
only if Hom »(G[i],G) =0 for i > 0.

Next, we recall a method from [27, 28] to calculate &(.7).

Definition 2.15. [27, Definition 3.5] Let .% and .7 be triangulated categories and let F : . — .7 be a
fully faithful triangle functor. We define yr : 7 — .#-Mod by sending X to Hom 4 (F(—),X) for each
X € 7. Then the Yoneda embedding of . is naturally isomorphic to the composition of F with yz, that
is,p~ypofF.

Suppose that .7 has coproducts and .# is a good metric on .. The functor F is called a good
extension with respect to .# if for any Cauchy sequence {A,} in . with respect to .#, the natural map
cc&mU(A,,) — YF (HocﬂolimF(A,J) is an isomorphism in .#’-Mod.
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Example 2.16. Let .7 be a triangulated category with coproducts and .¥ a full subcategory of .77¢. Then
the inclusion . C .7 is a good extension with respect to any good metric .# on .. This follows from
the fact that the functor Hom# (X, —) : 7 — Z-Mod for X € .7 sends homotopy colimts to colimits.

Definition 2.17. [28| Definition 19] Let F : . — .7 be a good extension with respect to a good metric

A, and let &7 C . be a full subcategory of .. We denote by £'(.«7) the full subcategory of .7 consisting

of objects X such that X ~ HocolimF'(X,,) in .7, where {X, } is a Cauchy sequence in . with respect to
—

. and with X, € « for all n. Further, let &(#) := & («/) N 0y (€(F)).

Note that the functor yr in Definition [2.15| restricts to an essentially surjective (or dense in other
terminology) functor £'(.e7) — £(.e7). Moreover, y' (€(.7)) = U,en F (#,)* by [27, Observation 3.2].
This implies F(.) Ny (€(F)) = F(S(A)).

For good metrics induced from ¢-structures, £'(.#) and GAS(Y ) can be characterized in terms of in-
trinsic subcategories of .7 .

Definition 2.18. (see [28]) Let .7 be a triangulated category with coproducts and let (.7 <% .72°) be a
t-structure on .7 . The full subcategories .7, and .7.” of .7 are defined by

T = ﬂ(?c*ﬂg_") and 72 := 7 n7°.

C
neN

The category .7~ can be regarded as the closure of 7€ in .7, that is, its objects can be approximated
by compacts to arbitrarily high order. Equivalent ¢-structures give rise to identical .7~ and .Z.”. Obvi-
ously, 7¢C .7~ It 7¢ C .7, then 9.~ C .7 . The assumption .7 C .7~ holds in the case that .7
has a compact generator and (.7 <°,.720) is a t-structure on .7 in the preferred equivalence class. In
this case, all of these subcategories are intrinsically defined, by taking any #-structure from the preferred
equivalence class.

Theorem 2.19. [28,27] Let .7 be a triangulated category with a good metric M := { My }nen.

(1) Let T be a triangulated category and let F : ¥ — 7 be a good extension with respect to M .
Then é(&” ) is a triangulated subcategory of 7 and the functor Yr restricts to a triangle equivalence
S(.7) = &(.9).

(2) Suppose that T is compactly generated and has a compact generator G. Let (7<°,72%) be a
t-structure on 7 in the preferred equivalence class, ./ := T, My := .9 N TS for each n € N and
F :.% —  the canonical inclusion. Then:

(@) v (€(F) =Tt and &(F)C T C T~ Thus S (M) = SN T = Fe and &(.9) C TP,
_ (b) IfHom 7 (G, Gli]) = 0 fori> 0, then TP C T~ are thick subcategories of 7, £ () = F.” and
&(S) = 7P,

Theorem [@Kl) is exactly [28, Theorem 20]; see [27, Theorem 3.15] for its proof. In Theorem
2)(a), the first equality is shown in [27, Example 3.3] and other inclusions of categories can be
concluded from the proof of [30, Lemma 7.5(iii)], where the condition Hom & (G, G[i]) = 0 for i > 0 is
not needed. Under this condition, Theorem 2)(b) is given in [27, Example 3.10 and Proposition
0.15(1)]; see also [30} Proposition 0.19] and [30, Lemma 7.5] for proofs.

2.4 Examples of completions of triangulated categories

In this section, we give several examples of completions of triangulated categories that consist of all
compact objects of derived categories.
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Example 2.20. Let R be an associative ring with identity. We consider .7 := Z(R). Throughout the
paper, we always identify .7¢ with #®(R-proj), up to triangle equivalence. By Theorem 2) (see
also [30, Example 3.1]), there are equalities 7.~ = ¥~ (R-proj) and &(7°¢) = TP = # b (R-proj).
If R is left coherent, then &(.7¢) is equivalent to 2”(R-mod), the bounded derived category of finitely
presented left R-modules.

Before giving an example from schemes, we recall several standard notation from algebraic geometry
and a theorem from [31]].

Throughout this section, let X be a quasicompact, quasiseparated scheme and let Z be a closed subset
of X such that X — Z is quasicompact. We denote by Z,.(X) the full subcategory of the unbounded
derived category of &’x-modules consisting of (cochain) complexes of Ox-modules with quasicoherent
cohomology, and by Zc z(X) the full subcategory of Z,.(X) consisting of complexes whose cohomology
is supported on Z (that is, the restriction of those complexes to X — Z is acyclic). Note that Py z(X)
has a standard 7-structure (Zge z(X)S°, Zge.z(X)?), where objects of Zgc z(X)<? and Zyc z(X)>° have
nonzero cohomologies concentrated in nonpositive and nonnegative degrees, respectively. Further, we
define .@gerf(X ) := ZP(X) N Dye 2(X), the full subcategory of Zc(X) consisting of all perfect complexes
supported on Z, where a complex is said to be perfect if it is locally isomorphic to a bounded complex of
finite-rank vector bundles. We also denote by @é’c,z (X) (respectively, @é)é,i)z(x )) the full subcategory of
Dqe.z(X) consisting of pseudocoherent complexes (see Section on X, whose cohomology is supported
on Z (respectively, and vanishes in all but finitely many degrees). When X is noetherian, @(fC,Z(X ) =

Q&hyZ(X ) and .@é’éf)z(X )= '@é)oh,z (X), where coh denotes coherent cohomology. In our discussions, when

Z = X, the subindex Z in the above categories is always omitted.

Theorem 2.21. [31, Theorem 3.2(i)-(iii)] The category Py 7(X) is a compactly generated triangu-

lated category with a single compact generator, (@qC,Z(X ))C = @gerf(X ), and the standard t-structure
(Dae.z(X)S0, De 2(X)?°) on Dye 7(X) is in the preferred equivalence class.

Example 2.22. Let .7 := P, 7(X). Combing Theorems and 2) with [31, Theorem 5.1], we
have

T =PFNX), T =T ,(X) and &(T°) = T = I, (X);

c qc,Z

see also [31} Section 10] for details. In particular, 7.~ = Z_; ,(X) and é(ﬂ ©)y=2?", ,(X) for a noethe-
rian scheme X.

Next, we give an example from DG (that is, differential graded) algebras.

Let R := @, R be a DG algebra over a commutative ring k. We denote by Z(R) the unbounded
derived category of left DG R-modules (for example, see [20]). This is a compactly generated triangulated
category with gR as a compact generator. Suppose that R is left noetherian, nonpositive and bounded, that
is, H(R) is a left noetherian ring with H'(R) € H°(R)-mod for i < 0, R' = 0 for i > 0, and H'(R) = 0 for
i <0 (see Appendixfor more discussions). We denote by @}’ (R) (resp., @; (R)) the full subcategory of
9(R) consisting of all objects X with H'(X) = 0 whenever |i| > 0 (resp., i > 0), and H(X) € H°(R)-mod
for all i € Z. Then 2(R)¢ is a full triangulated subcategory of 9? (R). Let Zgy(R) := .@;Z (R)/2(R)¢, the
Verdier quotient of 9}’ (R) by Z(R)".

Example 2.23. Let R be a left noetherian, nonpositive and bounded DG k-algebra. We consider .7 :=
2(R). By Theorem [A.5] and Corollary [A.6(1) in the case of DG rings, there are equalities 7 = (R),
I = .@f_(R) and 6(7¢) = 7t = QJZZ(R).

Lemma 3) provides an intrinsic way to define the (almost) singularity category for triangulated
categories with classical generators.
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Definition 2.24. Let . be a triangulated category with a classical generator G. The almost singularity

category of .7 is defined as
Fg = 66()/9(He),

the Verdier quotient of G(.¥) by the triangulated subcategory y(.#), where S(.¥) denotes the com-
pletion of . with respect to a G-good metric on . (see Definition [I.4). If .. = .% (or equivalently,
Hom o (G[i], G) = 0 for i > 0), then .7, is further called the singularity category of .. This is consistent
with the singularity category introduced at the end of Section[I.1]

Example 2.25. By the calculations in Examples [2.20] [2.22]and [2.23] we have the following facts.

(1) If . = #°(R-proj) for a left coherent ring R, then .%, = #”(R-mod)/#®(R-proj) which is
the singularity category of R. In this case, . is regular if and only if R is left regular, that is, each
finitely presented left R-module has finite projective dimension. This can be generalized to connective
ring spectra. Precisely, if .# is the homotopy category of the stable co-category of perfect modules over a
left coherent [E;-ring R, then . is almost regular if and only if R is almost regular (see Corollary [A.6).

2Q)Ifs = .@Zperf(X ) for a noetherian scheme X with a closed subset Z, then %, = 25, ,(X)/ 25" (X),
which is the singularity category of X in the case Z = X (in the sense of Buchweitz and Orlov, see [12,33]).

(3) If ¥ = Z(R)* for a left noetherian, nonpositive and bounded DG k-algebra R, then .7, = Zss(R)
which coincides with the usual singularity category of R in the literature (for example, see [[19] for some
cases). In particular, if R is a left noetherian (ordinary) ring, then Zs,(R) = 2°(R-mod) /#®(R-proj).

Finally, we mention a simultaneous generalization of (1)-(3).

Let .7 be a compactly generated triangulated category with a compact generator G and let .7 := .7“.
Suppose Hom 7 (G, G[i]) = 0 for i > 0. Then %, = 72 /(7°N .7") by Theorem 2). Thus . is
almost regular if and only if .7¢N .7 = .7P; .7 is regular if and only if .¥ = .F°.

Finally, we mention two results, of which the latter will be applied to discuss the finiteness of finitistic
dimension for triangulated categories with strong generators.

Lemma 2.26. [29, Lemma 2.4 and its proof] Suppose that .7 is a triangulated category with coproducts
and (7=°,729) is a t-structure on 7 such that 7= is closed under coproducts in 7. Let H be an
object of 7" and m a positive integer. Then there exists a positive integer t (only depending on H and m)
such that, for any integer n,

T =" Coprod,, (H(—ee,0)) C ﬁ[n_t’m)

m

:= smd(Coprod,, (H[n—1,))).

Lemma 2.27. Let .¥ be a triangulated category with an object G such that Hom »(Gli],G) = 0 for
i >d+ 1 withd € N. Then, given an integer n € N, any morphism D — F in . with D € (G),1| and

F € G(—oo, —1]Lfact0rs through an object of <G>’[1—+nl(d+1),oo)_

Proof. Let D € (G),+1 be an arbitrary object. Then D is a direct summand of an object D’ that lies
in coprod, | (G(—oo,oo)), and further there exists a projection morphism from D’ to D. Thus, to show
Lemma[2.27] it suffices to prove the following:

(1) For any D € coprod,, , | (G(—e0,)) and F € G(—oo, —1]*, any morphism f : D — F in . factors
through an object of coprod,, , | (G[—n(d + 1),)).

We will prove () by induction on n and start from n = 0. By Definition 1)(2), each object of
coprod; (G(—ee,0)) is a direct sum of an object of coprod, (G(—ee, —1)) with an object of coprod, (G[0,°)).
Since F € G(—oo, —1]*, we have Hom & (coprod; (G(—eo, —1)),F) = 0. This implies that the morphism
f:D — F with D € coprod; (G(—ee,e0)) factors through an object of coprod, (G[0,)). Thus (4) holds
forn=0.

Suppose that () holds for an integer n — 1 > 0. We now need to show that () holds for n. This will
be done by using the dual of [29, Lemma 1.6]:
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Let .7 be a triangulated category with full subcategories <7, ¢, 2", % and 2. Assume add(&/) = o
and add(%’) = €. Suppose that
(a) for any morphisms X — Y andZ — Y in 7, withX € 27, Y € % and Z € %, factors as

X—=>A—=Y, Z—->C—Y

withA € &/ and C € ¢€;
(b) any morphism X — Din .7, withX € 2" and D € % % (%'[1]), factorsas X - A — D withA € &7
Then any morphism E — Y in 7, withE € 2« 2 andY € %, must factoras E — B — Y withB€ € x <7

Now, we apply the above result to our case by taking
T =5, o =coprod,(G[—n(d+1),)), € = coprod; (G[0,)),

Z = coprod, (G(—oo,0)), W = G(—oo,—1]*, Z = coprod, (G[—o0,20)).

Then
Z 2 = coprod,,; (G(—,e0)), € *.o/ C coprod, | (G[-n(d+1),)),

o [—d — 1] = coprod, (G[—(n—1)(d +1),)) C .

It remains to show that (a) and (b) are true.

By induction, any morphism from 2" to ¢ factors through an object of &7 [—d — 1] and thus also of
</ . By the n = 0 case, any morphism from 2 to ¢ factors through an object of €. So, (a) is true. Since
Hom »(G[i],G) = 0 for i > d + 1, we have Hom o (G(—eo, —1],%’[—d]) = 0; in other words, € C #'[d].
As  C #|l] and 2" = Z'[1], we have & x (€[1]) C ¥[d+ 1] and 2 = Z'[d + 1]. Now, by the
inductive hypothesis, any morphism from 2" to % x (¢[1]) factors through an object of .. This verifies
(b). Consequently, any morphism from 2 % 2" to % factor through an object of 4 .o/ and thus also of
coprod,, , | (G[—n(d +1),e)). This shows that (4) holds for n. O

3 Bounded 7-structures and completion-invariant triangulated categories

In this section, we first establish a lifting theorem for (not necessarily bounded) #-structures along comple-
tions of triangulated categories. Then we discuss the completions of a triangulated category with respect
to good metrics associated to objects. Assuming the existence of a bounded ¢-structure on the category
and the finiteness of finitistic dimension, we apply the lifting theorem to show that taking completions at
those good metrics does not yield a new triangulated category.

3.1 Lifting -structures along completions of triangulated categories

In this section we prove that under mild conditions a ¢-structure on a triangulated category can be lifted
to a z-structure on its completion. The former ¢-structure is said to be extendable. The main result of this
section is Theorem [3.5] which provides a key technique for showing Theorem [I.5]

Throughout this section, let .’ be an essentially small triangulated category with a good metric .# :=
{ My} nen. We denote by S(.7) the completion of . with respect to .#. Recall from Definition
that, for each full subcategory &7 of ., we have defined two full subcategories £(.%7) and & (<) of
-Mod via the Yoneda functor y : . — .¥’-Mod.

In general, it may happen that . has a bounded ¢-structure, but &(.%) has no bounded 7-structure.
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Example 3.1. Let R be a left noetherian ring and let . = 2°(R-mod)°P. By [28, Proposition 0.15(ii)],
there exists a good metric on .# such that the completion &(.%) of . with respect to the metric is
equivalent to .#?(R-proj)°P. Note that .# has an obvious bounded ¢-structure and .#(R-proj)°P ~
P (R%-proj) as triangulated categories. By [36, Theorem 1.2], if R is commutative, singular and has
finite Krull dimension, then .#"?(R-proj) has no bounded ¢-structure. In this case, &(.#) has no bounded
t-structure. For further examples of noetherian schemes and noncommutative rings, we refer to [32, page
18] and Corollary[I.10] respectively.

To lift z-structures from . to &(.’), we introduce a special class of 7-structures.

Definition 3.2. A -structure (<, .#>%) on .7 is extendable (with respect to the metric .#) if there

exists a natural number 7 such that ., C .’<°. This is equivalent to saying that ./ is finer than the good
metric {.S "} ,cy on .

Obviously, any z-structure is extendable with respect to the good metric induced from its aisle. Lemma
[3.3|below and Theorem [3.5]after it contain more examples and properties of extendable 7-structures.

Lemma 3.3. (1) Let 7 := (.7=°,.77°) for i = 1,2 be equivalent t-structures on .. Then .7, is extend-
able if and only if so is #5. In particular, if .7 is extendable, then so is .| []] for any j € Z.

(2) Suppose that (.#<°,.7>°) is an extendable t-structure on .. Then S+ C . (M ). In particular,
if the t-structure is bounded below, then the metric # on . is embeddable.

(3) Let G be an object of .#. Then any bounded above t-structure on . is extendable with respect to
a G-good metric on . (see Definition .

Proof. (1) Suppose that .#] is extendable. Then there exists a natural number s such that .Z; C on.

Since .#] and .%; are equivalent, there exists a positive integer ¢ such that YFO C 5’5’. This implies
My C Y;t = ﬂ;o[—t], and therefore .Z[t] C yzgo. It follows from .#, C [t that A, C Y;O.
Thus . is extendable.

(2) Since (.#<Y,.729) is extendable, there exists a natural number n such that .#, C .#<°. Then
S2 = (<L C ot Since S (M) C .7 is a triangulated subcategory, ./ C .7 (). If (<0, 720)
is bounded below, then . = .’ and thus . = .%’(.#). This means that .# is embeddable.

(3) Let 2 := (<%, .#>9) be a bounded above ¢-structure on .#. Then there is a positive integer
r with G € .Z<". Since .#<" C .¥ is closed under extensions, positive shifts and direct summands,
(G)(==0l C <" This implies .2, := (G)~=~"1 C <0, and therefore 2 is extendable. O

Remark 3.4. Although not all extendable ¢-structures have to be bounded above, if a t-structure (.#<?,.7>0)

on . is extendable with respect to a G-good metric {(G)(~"}, .\ where G is a classical generator of
Z, then (<9 .729) is bounded above.

Our main result on lifting #-structures along completions of triangulated categories is the following
which also relates to |32, Problem 7.5].

Theorem 3.5. Let (7<0,.72%) be an extendable t-structure on . with respect to a good metric M .
Then the following statements are true.

(1) The pair (&(<°),&(#2%) is a t-structure on &(.7) with the heart given by 1y(H°), where
denotes the heart of (.#<°,.72).

(2) Let % be any full subcategory of #>°. Then the restriction of the Yoneda functor v : . — .#-Mod
1o R yields an equivalence Y| : # — &(Z) of additive categories. Moreover, Y|z = A — &(H) is
an equivalence of abelian categories.

(3) If the t-structure (#<°,.#>%) is bounded above, then so is the t-structure (&(.7<%),&(.7>9)).

(4) If the t-structure (#<°, 729 is bounded below, then the functor v restricts to a fully faithful
triangle functor . — &(.) satisfying that y(.#<°) C &(.7<Y) and n(7?°) = &(7>9).
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Proof. Let 71 = (/<°,.72%) and &(.7) := (&(/<Y),&(72)).

(1) We first show that &(.#]) satisfies (T1) and (T2) in Definition 2.3]

By Lemma[2.14(1) and by (T1) for .}, we have £(&(.#<0)) = & (.7<[1]) C &(#<?) and &(./>°) C
&(721]) = £(&(2Y)). This verifies (T1) for &(.7#).

Let {X,} and {¥.} be Cauchy sequences in .# with X, € .#<~! and ¥, € .#Z° for n € N. Recall that
Hom o (.7<71,.729) = 0 by (T2) for .#}. Then

Homy_Mod(c?imt)(Xi),c}q)imt)(Yj)) o~ liHml_cjc.)imHomy(X,-,Yj) =0.
This implies Hom ,_pjoq(£(<71), £(#20)) = 0. Clearly, &(7>?) C £(#>?)) and £(&(.7<?))
2(L(<%)) = £(#<7") by Lemmal[2.14(1). It follows that Hom ,_\1oq(Z(S(#<)),&(72?)) =
Thus (T2) holds for &(.77).
In the following, we verify (T3) in Definition[2.3|for &(.#}).
Let A € £(.). There exists a Cauchy sequence {A,, fo} in .% such that A ~ cﬁm\)(An). By (T3) for

71, we obtain two chains {AS™! fS71} and {420, f7°} in .7 with AS™! € <71 and A0 € 720 for
n € N and with commutative squares of morphisms:

As] A, AZ0 ASTI)
l fl i ﬁﬁml
<-1 >0 <1

An-H AnH An-H An-H [1]

In this diagram, if two arrows of triangles are given, then fni_ll and fn2 4:)1 exist uniquely by (T1) and (T2)

in Definition[2.2] Taking first the functor y and then colimts, we obtain a long exact sequence in .-Mod:

. <-1 . . >0 . <-1
(+)  colimp(A;~") — colimy(A,) — colimn(47°) — E(colimy(A5")).

Our next aim is to prove that both {A$™!, fS=1} and {AZ°, fZ°} are Cauchy sequences in ..

Since .7 is extendable (with respect to .#), there exists a natural number k such that .#; C <9,
Define C,, := Cone(f,+1). By the 3 x 3 lemma of triangles in triangulated category, there exist dotted
morphisms making the following diagram of triangles in .’ commutative:

>0
AZO[1] AT 1] » Cy[—1]
An
<-1 | v
_ n+1 <— <—
AT = AL C, A
bll l
An L An+1 Cn An[l]
dy -
LR ) oA
Since .7 is a t-structure, d,. is determined by f,. |, that is, d, | = n%fl. Note that A,i:ll e .71

ASTH € #<711] € <71 and .S~ ! is closed under extensions in .. This forces C, € .S~ 1.
Similarly, C} € > due to A70,A”?, € 7.
By the Cauchy sequence{A,, f,}, for each p € N, there exists a nonnegative integer N, such that

C, € M, for all n > N,. We consider p > k+2 and n > N,. Then C, € A, C My> C M[2] C
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S S02] = .72, Tt follows from Hom & (.#<~2,.#>~1) = 0 that Hom &~ (C,,C!) = 0. This yields ¢, = 0
and therefore C}, ~ C, ® C//[—1]. Note that C, € <!, C/[—1] € .#?" and Hom o (.7<~1,.720) = 0.
Thus Hom » (C,,C//[—1]) = 0. Consequently, C// =0, and b, and f_, +01 are isomorphisms. Now, it is clear
that {A$ ™'} and {AZ°} are Cauchy sequences in ., colimp(AS™!) € Z(£(<?)) and colimp(A;°) €
— —
£(#2Y). Let m := Ny, Since C7 =0 for each j > m, the sequence {AZ"} is stable (see Definition [2.10)
and there is an isomorphism
(##)  colimy(47°) ~n(47°) € y(+>?).

—

Further, we claim that if A € &(.¥), then cc&mn(Affl) € 2(6(<%)) and ccﬂmU(A,fo) € & (72Y).

Since My C [ C .S and (<)L = 720, we have .20 C ..+, This implies that
p(.#>9)) C €(.#) and further y(.#>°) C &(.>0). Together with (), C()E)mt)(Afo) ~y(AZ0) e &(.7>Y).

Moreover, the evaluation of the sequence (x) at an object S € . yields a long exact sequence:

20)

Hom »(S,A2°[—1]) — colimHom o (S,AS™!) — colimHom «(S,A,) — Hom & (S,AZ
— —
Since .20 C 41+ and AZ0 € .20 D 72!, we obtain Hom o (S,A2°[—1]) = 0 = Hom & (S,A2°) for
any S € #1. In this case, colimHom o (S,AS™!) ~ colimHom & (S,A,). It follows that A € &(.%) if
— —
and only if colimy(As~!) € €(.#); equivalently, A € G(.) if and only if colimn(AS ") € Z(&(7<0)).
— —
This shows the claim. Thus, the sequence (x) for each A € &(.) is required in (T3) of Deﬁnitionfor
S (). This shows that G(.#7) is a t-structure on S(.7).

By (x) and (**), each object of &(.#2?) is isomorphic to y(¥) for some object ¥ € .. This im-
plies that n(.7>%) = &(.#>°) and the functor y restricts to an equivalence v : .7>% — &(7>9). Let
o =6 (L) N&(S2Y), the heart of the t-structure &(.7}). Then & = £(.7<°)Ne&(L)NL(F>?)
and &(H#) = £() N (). Since # = .7<9N .70 and y(.720) = &(7>Y) C €(.¥), we have
S(H#) C o and y(I) C &(H). To show o7 C &(.7), we now take an object F € o7. Since y; is an
equivalence, there exists an object M € .#>0 such that F ~ (M) = y(M). Further, by F € &(.7<°),
we can find a Cauchy sequence {M,} in . with M,, € .#<0 for all n € N, such that F ~ colimyp(M,,).

%

Consequently, there exists an isomorphism 0 : (M) — colimy(M,,). Since filtered colimits of objects in
—

-Mod are calculated pointwisely, the Hom-functor Hom ,,_pjoq(9(X),—) for each X € . commutes

with filtered colimits by the Yoneda lemma. Thus 6 is the composition of a morphism 6’ : y(M) — y(M,,)

with the canonical morphism H(M,) — colimy(M,) for some positive integer n. Clearly, & is a split
—

monomorphism. Still by the Yoneda lemma, M is a direct summand of M,. Since .<° C .# is closed
under direct summands, M € .#<°, forcing M € 2. This shows </ C y(s#). Up to now, we have
S(H) C o Cy(H) CS(H). Thus & = S(I) = () and the functor vy (and also ;) restricts to
an equivalence v : 7 — & (). The exactness of 1y can be checked directly following the definitions
of the exact structures of % and &(#) as well as the triangles of &(.#) defined in Definition 2.12]

(2) Clearly, y(#) C &(Z%) if and only if y(#) C €(.¥). Since Z C .#° and y(.7>?)) C €(.¥),
we have §(%) C &(Z). By .70 C .17, it follows from Lemma that each Cauchy sequence
in . with all terms in .#>" is stable. This implies £(%) C n(%), and therefore &(%) C y(#). Thus
n(Z) = 6(Z). Since v is fully faithful, its restriction y|5 : Z — &(Z) to Z is an equivalence.

(3) Assume that .#; is bounded above, that is, .} = .%. To show that &(.#}) is bounded above, it
suffices to show that &(.7>%) C &(.77)~. Let U € &(.7>°). By (2), there is an object V € .2 such
that U ~ y(V). Since .7} is bounded above, there exists a positive integer n such that V € .#<". Then

U~(V) € 6(F) NI = S(F<") = S(FL 0 —n]) = 2(&(.F<0) C &(.7)".



(4) Assume that .} is bounded below, that is, .#;" = .. By Lemma 2), the metric .# on .7 is
embeddable (see Definition [2.12)). Now, (4) follows from (2) and Lemma 3). O

Now we apply the above theorem to any ¢-structure (which, as noted earlier, is extendable with respect
to the good metric induced from its aisle) and obtain the following result.

Corollary 3.6. Let (.7<°,.72%) be a t-structure on .#. Suppose that the good metric M is equivalent
to the good metric {./<"},en on . Then the restriction of the Yoneda functor v : ¥ — .#-Mod to
V= Upen 7" yields an equivalence of triangulated categories:

ST = 6().

In particular, if the t-structure (<, .#2°) is bounded below, then . and &(.) are equivalent as
triangulated categories.

Proof. Since equivalent good metrics on .# produce the same completion, we can assume .7, = .S ™"
for n € N. Clearly, /(M) := Uen ;- = Upen > " = .#F. By Lemma 3), the functor p
restricts to a fully faithful triangle functor y’ : .+ — &(.%). It suffices to show that 1’ is dense.

Let 2 := (<9729, Then & is extendable with respect to .#, due to Definition 3.2, By Theorem
1)(2), the pair §(2) := (&(/<Y),5(.#2?)) is at-structure on &(.#’) and the functor y restricts to an
additive equivalence .7>° — &(.#2°). Moreover, for any X € .7 and j € Z, we have &/ (y(X)) ~n(X[j]),
and G(.7>7/) = ¥/(&(7>?)) by Lemma 1). It follows that the functor vy restricts to a series of
additive equivalences .=/ — &(.#=/) for all j. Thus, to show the denseness of 1/, we only need to show
that &(.) = U,en S (#> "), that is, &(2) is bounded below.

For this aim, we take F € &(.%). Recall from Definition[2.12(3) that §(.’) := £(.¥) N €(.¥). Then
there exists a nonnegative integer n with F(.#’<™") = 0. In other words, Hom ,,_\joq (0(7<7"),F) = 0.
Note that, by Definition l), each object of G(.’S™") is a colimit in .’-Mod of objects that belong to
n (<) Since Hom ,_pjoq(—, F) sends colimits to limits, Hom ,_pjoq(S (7<), F) = 0. It follows
that F € &(7< ")+ N&(7), where the right orthogonal subcategory associated to a full subcategory of
#-Mod is calculated in .#’-Mod. Since &(2) is a t-structure on &(.%) and &(.7<™") =X*(&(./)),
we have &(/S™")ENG(S) =2"(&(21)) = &(> ). Thus F € &(#>~"*1). This shows that
S(2) is bounded below, and therefore the functor by’ is a triangle equivalence. O

Remark 3.7. Just Corollary 3.6 alone can also be obtained with other methods - as done in a very recent
preprint by Cummings and Gratz (see [[17, Theorem 1.1]). To compare the two methods, we would like to
refer the reader to their interesting work on metric completions of discrete cluster categories.

Equivalences between ¢-structures can be characterized by the finiteness of the distance of 7-structures.
Recall that the distance between t-structures . := (.<0,.#7°) for i = 1,2 on . is defined as

d(yl,yz) = inf{ng—nl ‘I’l],nz € 7 with ni < ny and ylgn] C y;o C ylgnz}‘

Then .7} and ., are equivalent if and only if d(.¥],.72) < e. We denote by T (.7]) the equivalence
class of t-structures on . containing ., and define &(.7) 1= (&(.#<°),&(.#7")). For a r-structure
2 = (2<°,27°) on &(.), we define y~'(2) := (1 (25°),p71(27?)), a pair of full subcategories
of . consisting of objects X such that y(X) is in <0 and 27, respectively.

The following result conveys that lifting extendable 7-structures from . to &(.) preserves both the
equivalence and the distance of #-structures.

Corollary 3.8. Let .7 := (YFO, 5’120) be an extendable t-structure on . with respect to a good metric
M. The following statements are true.
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(1) The map &(—) : Ty (1) — Ts(9)(6(F1)) is injective and d(A1,72) = d(&(1),6(S2)) for
any /> € Ty ().

(2) Suppose that the metric .# is embeddable. Then the map S(—) in (1) is bijective and its inverse
is given by 5~ (=) : Tos ) (S(1)) = Ty ().

Proof. (1) We first show that the map S(—) is well defined. In the proof, the formula will be used freely:
S([j]) =X/ (6(«7)) for any subcategory .7 of . and for any j € Z (see Lemmal[2.14(1)). We also set
S(A)0 = &(7) and §(A)>0 = &(70).

Let . € Ty (.#1). Then .} and .% are equivalent. Since .¥] is extendable, it follows from Lemma
3.3(1) that .3 is extendable. By Theorem[3.5(1), &(.#1) and &(.#5) are t-structures on &(.). Let d :=
d(,-72). Then there is an integer g with <5”1>d+g - 5”;0 - 5”1% . Applying &(—) to the inclusions, we
obtain &(.71)748 C &(.#3)° C &(.#)>¢. This implies that &(.#]) and &(.#3) are equivalent. Thus
the map &(—) is well defined. Moreover, by Theorem 2), the Yoneda functor y restricts to additive
equivalences .77 — G(.#)>" and 75" — &(#)>" for n € N. It follows that d = d(&(.#1),8(.)).
Clearly, the map &(—) is injective since each ¢-structure is determined by its coaisle.

(2) We show that the map y~'(—) is well defined.

Since ./ is embeddable, v restricts to a fully faithful triangle functor .7 — &(.%) by Lemmal[2.14(3).
In particular, n(.#) is full triangulated subcategory of &(.%). Let Z := (25°,27°) € Tg(5)(&(A)).
There exists an integer m with 220 C &(.#7)>". Since 1 restricts to an equivalence .#;" — G&(.71)>"
by Theorem 2), we have n(.77") = &(S)>" and .#7" = vy~ (&(S)>"). This forces 270 C
0(S7™) Cy(F). Let P’ = (0(-#)N 20, 22Y). Since Z is at-structure on &(.) and 270 C y(.7), it
is easy to show that 2’ is a t-structure on y(.). Clearly, n~1(2') = p~1(2). By the triangle equivalence
S ~9(F), vy~ (2) is a t-structure on .. Since 770 C y(.#7"™), we see from Theorem 2) that
p 1 (270) Cy~ (n(A7™)) = 7" and v restricts to an equivalence ! (220) ~ 220, Moreover, 1) also
restricts to an equivalence " ~ &(.#1)>. Thus d(.%1,9"'(2)) = d(&(.#1), Z) < o. This implies
n~'(2) € Ty (%)), and therefore the map y~!(—) is well defined. It is easy to check that &(—) and
p~!(—) are inverse bijections. O

3.2 Completing triangulated categories at objects

In this section, we prove our main results - (a) and (b) of Theorem|1.5] More generally, we provide nec-
essary conditions for the existence of bounded ¢-structures in terms of the completions of a triangulated
category. In particular, we show Theorem 2) which implies Theorem a). The proofs of these
results are based on lifting r-structures along completions in Theorem [3.5] and are thus different from
Neeman’s proof of Theorem|[I.1] Further, we discuss the equivalence of bounded 7-structures on the com-
pletions of triangulated categories and show Theorem [3.11(3). This leads to a proof of Theorem [1.5](5).
For a compactly generated triangulated category, we also lift bounded #-structures from the completion of
the category of its compact objects to itself (see Theorem [3.13).

Throughout this section, let . be an essentially small triangulated category with an object G. We
take a G-good metric .# := {#y,}nen on & (see Definition [1.4). Recall from Lemma [2.14(4) that
equivalent good metrics produce the same completion. So, we assume ., = <G>(_°°’_”] for any n € N.
Following Definition we have defined full subcategories of .#-Mod: £5(%), €(.) and &g(&),
where & C . is a full subcategory and the subscript G reminds us of the good metric determined by
G. In particular, G (%) is the completion of . with respect to the metric .#. As mentioned in the
Introduction, we identify . (or any full subcategory of .%’) with its essential image in .¥-Mod under
the Yoneda functor ¢ : . — .’-Mod. Moreover, we make a convention: the left (or right) orthogonal
subcategory associated to a full subcategory of Sg() is calculated in Sg(.7).

The following result is very crucial in the proof of our main results from two aspects. One is that the
aisle of a bounded z-structure on an intermediate triangulated category between . and Gg(.¥) can be
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recovered by first restricting to . and then lifting to &(.). The other is that assuming the existence
of a bounded ¢-structure on the intermediate category and the finiteness of finitistic dimension forces the
good metric on . induced from the ¢-structure to be a G-good metric.

Lemma 3.9. Suppose that 2 is a full triangulated subcategory of &g (.7) with ¥ C Z". Let (<0, 2°>)
be a t-structure on 2. Then the following statements are true.

(1) If (2°S9, 2729 is bounded above, then Z N&g(./ N X)) = 2<0,

(2) If (2°<0, 2729 is bounded and <7 is a full subcategory of . satisfying

N (Gla,»)) C o C (G

for some integers a and b, then there are nonnegative integers r and s with /[r] C ./ N XS0 C o/ [—s].
(3) If (Z°<°, 2729) is bounded and findim(.7”°P, G°P) < oo, then there are nonnegative integers r and
swith (G)==~1 C 7N 2 <0 C(G)=, and thus {.7 N X <"} en is a G-good metric on ..

Proof. (1) By assumption, .’ C 2" C S¢(.%). By Lemma[2.14(3), ./ is a full triangulated subcategory
of Gg(7). Let 7 := (2, 272%). As Z is at least bounded above in the hypotheses of (1)-(3), there
exists an integer ¢ with G € 2°<¢. Since 2S¢ C .2 is closed under extensions, positive shifts and direct
summands, (G)(~>% C . N .2°<¢. This implies the inclusion

(#): Me=(G) " IC NI

Clearly, 2= 2 N+22!. Let P€ 2 N6Gs(SNZ<Y). Then P =~ colimP,, where {P,} is
—

a Cauchy sequence in .% such that P, € . N .20 for n € N. For any Q € 27!, Homy (P,Q) ~
Hom gy (colimP,, Q) ~ limHom 4 (P,,Q) = 0. We have the last equality because P, € 2~ <0 for all n
— —

and Q € 22!, Thus, P € 2°<Y, and therefore 2 NGSg(.# N2 S0) C 20,
To show 2°S0 C 2 NGs(.7NZS0), we first take F € 2°<0. Since 2°<0 C 2 C &5(.¥), there is
an isomorphism F ~ colimF,, in .¥’-Mod, where {Fs, f,} is a Cauchy sequence in . with respect to the
H

G-good metric .# . Then there is a positive integer m (only depending on ¢) with C; := Cone(fi+1) € A1
for all i > m. In the following, we consider i > m. Note that .Z,. C <0ty by (*), and conse-
quently, Ao, = MH.[1] C 2 <71 C L 2> This implies C;,C;[—1] € - 272!, Now, for any Q € 2!,
we can apply the functor Hom o (—, Q) to the triangle C;[—1] — F; — F;;+; — C; in . and obtain isomor-
phisms Hom g (fiy1,0) : Hom g (Fi11,Q) — Homg (F;, Q), as Hom g (C;, Q) = Hom 2 (Ci[—1],0) = 0.
Thus

0 =Homy (F,Q) ~ Homgy(c:(ﬁan, Q) ~ {iLnHOmgg(Fn, Q) ~Homy (F;,0).

It follows that F; € . N+ 272! C 2 N+ 22! = 27<0. Therefore F € 2" N&s(.7 N2 ). This shows
XV C 2 NG(S N0,

(2) Now, Z is bounded and assume that the category .« in (2) exists. In (x), we can assume ¢ > —b
because as long as ¢ is larger, .#. is smaller. Since (G)(~?) = (G)(==4[—bh —¢], the inclusions () and
o C{(G) =" imply that o C (. N2 <) [~b—c]. Letr:==b+c¢>0. Then &/[r] C . N2 <.

As 7 is bounded below, there exists an integer d with G € 2°>~%; in other words, G[—d — 1] € 2>
Similarly, we can choose d bigger enough such that d +1 > a. Let % := (G>[d+17°°) C 7. Clearly,
221 C 2 is closed under extensions, negative shifts and direct summands. This forces % C 2 =!.
Since 20 = 2 N1 272!, we obtain 2°<Y C 2 N1 . Further, by Definition 4), the objects of %
are constructed from G[d + 1,0) by taking extensions and direct summands. Thus +% =+ (G[d + 1,)).
It follows from . C 2 that

INEVCsN Y =N (Gld+1,)).
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Lets:=d+1—a>0. Clearly, G[a,) = (G[d+1,%0))[s]. Since N+ (G[a,=)) C o/ by the assumptions
on &/, we have
SAGld+1,2)) = (1 (Gla,))) [=5] € [,

It follows that ¥ N 2°S0 C o7 [—s]. Thus &/[r] €. N2 S0 C o7 [—s].

(3) Now, 2 is bounded and assume that ¢ := findim(.%°P, G°) < eo. By Definition 1.3 the inclusion
P GP(—oo, — 1] C (GP)0)[¢] holds in .#°P, and therefore taking opposite category yields the
inclusion .7 N+(G[1,00)) C (G)(~=%[—¢] = (G)(==¢). In (2), we take a = 1, b = e and &7 = (G)(~=¢.
Then there are nonnegative integers 1 and s; with &/ [r;] C .7 N2 <° C o/[—s1]. Thus

(G\C=enlC ynast C(G)=etl,

Let r := max{0,r; —e} and s := e +s;. Then (G)(~=~"1 C N 2<0 C (G)(~=*]. Taking the n-th
shift to these inclusions leads to (G)(=~"" C . N2’ <7" C (G)(==*~"] for n € N. By Definition
{S NS} ,en is a G-good metric on .. O

Remark 3.10. Note that the condition .’ N+ (Gla,)) C (G)(=*! for some integers a and b is equivalent
to findim(.°P, G°P) < . Moreover, in Lemma 2), if additionally o7 C . is closed under extensions
and positive shifts, then {.7[n|},cn is a G-good metric on ..

‘We now state the first main result of this section.

Theorem 3.11. (1) Suppose that (#<°,.7") is a bounded above t-structure on .. Then the pair
(66(F<Y),86(.72Y)) is a bounded above t-structure on S () and has the same heart as (#<°,.#>9).
(2) Suppose that (#<°,.72°) is a bounded t-structure on .. Then . C &g(.#). Further, if
findim(.7°P,GP) < oo, then .¥ = S (7).
(3) Suppose that findim(.#°P,GP) < e and 2" is a full triangulated subcategory of Sg(.) with
L C X Then all bounded t-structures on X~ are equivalent.

Proof. (1) Since (.7<°,.#>9) is bounded above, it is extendable by Lemma 3). Now, (1) follows
from Theorem [3.3

(2) Since (.7<°,.#29) is bounded below, we see from Lemma 2) that .# is embeddable. By
Lemma [2.14(3), the functor v restricts to a fully faithful triangle functor . — G¢(.#). This implies
S C66(S).

Suppose findim(.#°P, G°) < oo. In Lemma[3.93), we take 2" = .7 and (2"<0, 2720) = (<0, 7>0),
and thus the good metrics .7 and {.<™"},cn on .¥ are equivalent. Note that equivalent good metrics
produce the same completion. Since the ¢-structure (.#<?,.%>%) is bounded below, we see from Corollary
B.6]that .7 = S (7).

(3) Let (2;=°,2;7°) for i = 1,2 be bounded r-structures on .2°. By Lemma 3), there exist
nonnegative integers r; and s; with (G)(==~" C .7 n %go C (G)(==1. This implies

SN2 gl c s n g C (Gl n 2
Let ¢ := max{s; +r2,s2 +r }. Then
(N2 =n27" CsN2 Crn2T = (N2 ).
By Lemma D, X (&6(N 38”50)) CGg(N 3{;0) CE(66(N %ffo)), and therefore

2N (66(SN20)) C 2 N66(7 N2 C 2 NE (E6(LN2SY)).
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Since 2 is a full triangulated subcategory of Sg(.¥), we have
2N (66(7 N2 =2 (2 n66(N2Y), 2 N2 (66(7 N2 =27(2 N66(# N 250)).

It follows from Lemma 1) that 2,57 € 255" € 2. Thus (2,°,27°) and (2,°°, 25°) are
equivalent. O

Proof of Theorem Note that Theorem [I.5)(a) follows from Theorem 2), while Theorem
1.5((b) is exactly Theorem[3.11{(3). O

In the rest of this section, we consider a special class of the completions of triangulated categories that
frequently occur in practice.

Let .7 be the full subcategory of a compactly generated triangulated category 7 consisting of all
compact objects, G € 7 a compact generator, and (T<°, 7> a t-structure on 7 in the preferred
equivalence class. We consider the good metric .# := {.#},}pen With A, == S N .T<7" on .7, and
denote by 2 the completion of .%” with respect to .#. By Lemma 2), A is a G-good metric on .
and thus . = &(.¥). This also implies that . is independent of the choices of compact generators of
 (or equivalently, classical generators of .%). -

We will provide two sufficient conditions for any bounded ¢-structure on .# to be lifted to a ¢-structure
on .7 in the preferred equivalence class.

Lemma 3.12. The inclusion . C .7 holds if and only if Hom & (G[i],G) = 0 for i > 0.

Proof. By Lemma 2), the good metrics .# and .4 := {(G)(~>"1},cy on . are equivalent. This
implies .7 (.A) = .7 (. ); see the paragraph before Lemma for notation. Observe that

L(N) =S :={X € Y |Hom»(G[n],X) =0, n>>0}.

By Lemma 3), the inclusion . C .# holds if and only if . = .7 (.). Clearly, the latter is also
equivalent to . = .%.. Since G is a compact generator of .7, it is a classical generator of . by Lemma
It follows that . = .% if and only if Hom & (G]i], G) = 0 for i > 0. Thus Lemma holds. [

‘We now state the second main result of this section.

Theorem 3.13. Let (2<°, 27°) be a bounded t-structure on 7. Suppose Hom 7 (G[i],G) =0 for i > 0.
Then the following statements are true.
(1) There exists a full subcategory % of ./ with %[1] C P such that Coprod(2<") = Coprod(%).
Thus Coprod(2<") is the aisle of a compactly generated t-structure on 7 .
(2) The t-structure (Coprod(2<°),(Coprod(2<")[1])*) on T belongs to the preferred equivalence
class if either of the following conditions holds:
(a) findim(.7) < co.
(b) T = Coprod,,(H(—o0,00)) for some object H € F and some positive integer m.

Proof. By Lemma , 7 C .7 Let o := 7<°. Since (o7, 2?°) is a bounded above t-structure on

&, there is a natural number a such that Gla| € «7. Recall that G € .¥ and ngo = @(_m’o]. Then
T C Coprod(.# N.e7). Since (750,.72) and (F5°, F;") are equivalent, there is an integer b with
b > asuch that 770 C 57 Thus 7 <" C Coprod(.# N /) C Coprod(<).

(1) The idea of the proof of (1) is similar to the one of [31, Lemma 8.1].

By Theorem (2)(a), 7 C J.~. Since o/ C .7, each object A of <7 is endowed with a triangle
C—B—A—C[l]suchthat C€ ISP and B .. Let B:=.N(TS ). Then B € % and
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Ac B+ TSP C B« T<P Clearly, YNd CBC TS Pxof and SN Cof C Bx TSP,
Since .7 <7? C Coprod(.# N.7), it follows that

% C Coprod(.# N/ ) x o/ C Coprod(«) * .o/ = Coprod(</),

o/ C A +Coprod(L Na?) C A *Coprod(HA) = Coprod(A).

Thus Coprod(.«') = Coprod(#). As A consists of compact objects, Coprod(Z) (and thus also Coprod (<))
is the aisle of the compactly generated z-structure on .7 generated by % (see Example [2.4)).

(2) Recall that, for a full subcategory of 2~ of .7, the category Coprod(.2") is the smallest full
subcategory of .7 containing 2~ and closed under coproducts and extensions. This implies 2+ =
Coprod(.Z")*+. By the proof of (1), .7 <" C Coprod(.2Z) = Coprod(28) with % C .. Since Coprod (/) =
Coprod(#), we have o7+ = Coprod(«/ )+ = Coprod(%#)+ = %*.

Case (a): Since (<7, 27") is bounded below and G € . C 7, we have 22! = &/ 1.7 and there
exists d € N with G € 22~9*+!, This implies G[d,») C &/+ = %" and therefore Z C . N+ (%) C
N +(G[d,)). Suppose findim(.#") < e. By Lemma G is a classical generator of ., and thus
G®P is a classical generator of .#’°P. Further, by Corollary (one of elementary properties of finitistic
dimension of triangulated categories shown in Section e have ¢ := findim(.#"", GP) < oo. This
means that the inclusion

(G (oo, —1])" C(G™))[¢]
holds in .#°P. Taking opposite category leads to the inclusion . N (G[1,%)) C (G)=%[—¢] in .7,

Moreover, by Lemma 2), there exists a € N with <G>(_°°*_“] C.NIS0 Then .7 N+ (G[1,%)) C
(SNT—a—e]. Let f:=1—a—e. Then

LN (Gf,») C (LN G[l,0))ate] € sNTLC T0.
Since . is a triangulated subcategory of .7, we have
#C .S NHGld ) = (S NHGIf,)))[=d+ ] € T[=d + f] = T

Clearly, 7<%/ C .7 is closed under extensions and coproducts. This implies Coprod(%#) C .7 <4/,
Thus .7 S~? C Coprod(«/) C .74/, which shows that (Coprod(.<”),Coprod(7)[1]*) is in the preferred
equivalence class.

Case (b): Since H € 7 and (o, 27 is a bounded below -structure on .7, there exists a natural
number d with H € 2>~4+! and 22! = &7+ 1.7 It follows that Hld,>) C o/*+ = Coprod(«/ )+ = #+.
Since the objects of % are compact in .7, the category % is closed under coproducts in .7. This forces
Coprod(H|[d,=)) C Coprod(/)*, and therefore re Coprod(«/) C L (Coprod(«7)*) C +Coprod(H[d,)).
Note that 7.~ C .9~ by G € 9\ and that .7 C TP C 7" by Theorem (2)(a). Then H € .7°.
Recall that .% and .~ are determined by .7 and the preferred equivalence class of 7-structures on .7 .
Thus we can take .7~ S0 _ ,750, which is closed under coproducts in .7. By Lemma 2 , there exists a
positive integer ¢ (only depending on H and m) such that, for each n € Z,

7" N Coprod,,(H(—oe,)) C smd(Coprod,,(H[n —t,)))

Since H[n —t,o0) C (H[n —t,0))[1], we see that Coprod(H[n —1,)) C .7 is closed under direct sum-
mands. Consequently, .7 =" N Coprod,,(H(—oo,)) C Coprod(H|[n —t,)). Taking n =t +d leads to
T 214 M Coprod,, (H(—o0,)) C Coprod(H|[d,)). Since .7 = Coprod,,(H(—,)) by assumption,
T 214 C Coprod(H|[d,)). It follows that ~Coprod(H|[d,)) C +(.7>'*4) = 7 <*4=1 and further,
Coprod (/) C lCoprod( [d 0)) C T4 Thus 77" C Coprod(«/) C .7 S'*t4=1, This means that
(Coprod(.«7),Coprod(.«7)[1]*) is in the preferred equivalence class of ¢-structures on .7 . O
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Theoreml) generalizes both [25, Lemma 3.1] and [31, Lemma 8.1], which deal with 174 (R-mod)
for a (left) coherent ring R and @foh ,(X) for a noetherian scheme X with a closed subset Z, respectively.
Moreover, in Theorem [3.13(2), the case (a) is new, while the case (b) is a categorical version of [31}
Theorem 9.2] that is focused on bounded z-structures on Qfoh (X) for a noetherian, separated, finite-
dimensional, quasiexcellent scheme X (see Example 4.8)).

By Theorem [3.13|2)(a) and Theorem 3.11]2), we also obtain the following result, of which a special
case regarding @gerf(X ) was shown in [31, Lemma 6.1].

Corollary 3.14. Suppose that findim(.7?) < oo and (.-#<°,.72%) is a bounded t-structure on .. Then
the t-structure (Coprod(.#<°), (Coprod(.#<°)[1])*) on 7 belongs to the preferred equivalence class.

4 Finitistic dimensions of triangulated categories

In this section, we concentrate on the key assumption in Theorem|1.3|- the finiteness of finitistic dimension
of a triangulated category at objects. Finitistic dimension for general triangulated categories (in our
sense) is a new concept and accurately generalizes the finitistic dimension for ordinary rings: the finitistic
dimension of the derived category of perfect complexes over a ring at the regular module is equal to
the finitistic dimension of the ring (Lemma §.1(5)). We also show that several classes of triangulated
categories have finite finitistic dimension. These finiteness results are of independent interest, and in
particular will be applied to proving all the corollaries in the Introduction.

4.1 Finiteness of finitistic dimensions of triangulated categories

In this section, we discuss some basic properties of finitistic dimension for triangulated categories and
provide several classes of triangulated categories with finite finitistic dimension. These classes include
triangulated categories with an algebraic 7-structure (Lemma[.1]3)) or with a strong generator (Proposi-
tion[4.5), the singularity category of a Gorenstein Artin algebra or of a self-injective DG algebra (Corollary
[.3), the derived category of perfect complexes on a scheme with finite fintistic dimension (Proposition
M.14) and the category of compact objects in the derived category of a differential graded ring with some
cohomological restrictions (Corollary and Example §.12). So, we can apply Theorem [I.5]to these
triangulated categories. Further, in Appendix [B] we discuss other ways of defining finitistic dimension for
triangulated categories that exist in the literature (Definitions and [B.8), and explain some differences
and commonalities between these dimensions.

Throughout this section, let . be a triangulated category. Recall from Definition[I.3|that the finitistic
dimension of . at an object G € . is defined as:

findim(.7,G) := inf {n € N | G(—o0, —1]* C (G))[n]}.

If there is an object G with findim (., G) < o, then we say that . has finite finitistic dimension and denote
this by findim(.”’) < ec. In this paper, we care more about when the finitistic dimension of a triangulated
category is finite, rather than the precise value of this dimension. In fact, if findim(.%,G) = n < oo, then
0 < findim(., G G[—i]) < n—i for 0 < i < n. Moreover, the finiteness of finitistic dimension is invariant
under triangle equivalences.

We first collect basic properties of finitistic dimension of triangulated categories, and establish its
finiteness for some common triangulated categories. Recall that a bounded ¢-structure over a triangulated
category . is said to be algebraic (see [[1]]) if its heart is a length category (that is, objects in the heart
admits finite filtrations) with finitely many isomorphism classes of simple objects.

Lemma4.1. (1) Let G,H € . and G € (H). If findim(.7, G) < oo, then findim(.%,H) < oo.
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(2) Suppose that . has a bounded t-structure. For any G € ., if either findim(.%,G) < oo or
findim(.7°P, GP) < oo, then G is a classical generator of 7.

(3) Suppose that .# has an algebraic t-structure (.7 <0.72°). Let G be the direct sum of the isomor-
phism classes of simple objects in the heart of (.#<°,.#2°). Then findim(.#,G) = findim(.#°P, G°P) = 0.

(4) Suppose that & = (G >(7°°’m] for some G € % and m € L. Then findim(.,G) = 0. In particular,
if there are integers n < m with ¥ = (G )["’m], then both findim(.”’) and findim(.#°P) are finite.

(5) Let R be a ring. Then findim(2#?(R-proj),R) = findim(R). In particular, findim(R) < oo if and
only if findim (%" (R-proj)) <

Proof. (1) Assume findim(.¥,G) = d < . Since G € (H), there are integers a < b and a positive integer
n such that G € (H)“*1. This implies that if X € H(—oo,b]", then Hom »(G[k],X) = 0 for all k > 0. In
other words, H(—oo,b]" C G(—o0,0]". By G € (H >[“ *#1 we have Gla) € (H >£, b=al This gives rise to
(G4 € (1Y% Since G(—o0, —1]* C (G)**)[d], it follows that

H(—0,d+b—a—1]* C G(—0,d—a—1]* C(G)7*) C (7)),

Consequently, H(—o0, —1]* C (H)**)[b— a +d]. Thus findim(.,H) < b—a+d < .

(2) It suffices to show (2) in the case findim(., G) < oo since .°P also has a bounded 7-structure.

Let 2 := (.#<9.720) be a bounded ¢-structure on .. Since Z is bounded above, there exists a
positive integer r with G € .#<". This forces G(—o0,—1] C <! and therefore .77 = (/< 1)L C
G(—o0, —1]-. Let n := findim(.%”, G) < eo. Then G(—oo, —1]+ C (G)10*)[n]. It follows that .7>" C (G).
Since Z is bounded below, . is generated by ./>° under taking shifts. This implies . C (G) and thus
G is a classical generator of ..

(3) Let # be the heart of the -structure (.7<,.7>0). By [7} 1.3.13.1],

S =) A« An—1] 5% H[—n],

n=0

= J A« A n—1]%---xHA and Y>O:U,%”*,%”[—1]*m*%[—n],

n=0 n=0

where the * operator is associative. Since each object in .7 admits a finite filtration by simple objects in
2, it follows that G is a classical generator of . and

G—oo, = 1) = A (=0, 1] = (#1720 = (1)) = (G) ),

Thus findim(.#,G) = 0. Since ((#>°)°, (.#<0)P) is an algebraic ¢-structure on .#°P with the heart
P, we have findim(.7°P, GP) = 0.

(4) Since . = (G)™=" we have ((G)™"))+ = 0. It follows from (G) ™! = (G) =" [ + 1]
that (<G><*°° ~1+ = 0. Observe that ((G)" 1)L = G(—eo, —1]*. Thus findim(.#,G) =

) Let . := " (R-proj). Clearly, R(—eo, —1]* = {P* €.# | H"(P*) = 0,¥ n < 0}. By Definition

l4) O o) = Uy=0 smd(coprod, (R[0, +0))) that is the smallest full subcategory of .# containing
R-proj and closed under negative shifts, extensions and direct summands. It follows that <R>[o’+°°) c7
consists of all those complexes P®* which are isomorphic in . to a complex Q° € . with Q" = 0 for
n<0.

Let d := findim(R) € NU {eo}. For any n € N with n < d + 1, there exists an R-module M,, which has
a deleted projective resolution of length n by finitely generated projective R-modules

Py 0—P,25p I p a0
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such that f, does not split. This means that the complex Py, is in R(—oo, — 1]*, but not in (R) [0.) [n—1].
Thus d < findim(.#,R). In particular, if d = oo, then findim(.,R) = co.

Suppose d < oo. Let Y* := (Y!,d})icz, € R(—eo,—1]*. Then H'(Y*) = 0 for all i < 0, and there-
fore Coker(d, 1) has a finite projective resolution by finitely generated projective R-modules. Conse-
quently, the projective dimension of Coker(d, ') is at most d, and further Y* € (R) [0) [d]. This shows
findim(.,R) < d. Thus d = findim(.,R).

If findim(R) < oo, then findim(.¥’) < eo. Conversely, assume findim(.#’) < co. Then there exists an
object G € . with findim(.¥,G) < 0. Since . = (R), we see from (1) that findim(.,R) < e. Thus
findim(R) < oo. O

Lemma [4.1[1) implies that the finiteness of the finitistic dimension of a triangulated category with a
classical generator is independent of the choice of a classical generator.

Corollary 4.2. Let . be a triangulated category with a classical generator G. Then the following are
equivalent: (a) findim(.) < oo; (D) findim(.”,G) < oo; (c) findim(.7,H) < oo for any other classical
generator H of ..

Now, we apply Lemma[4.1]to bounded derived categories and singularity categories.

Let d be a positive integer. Following [19, Definition 2.2.], a DG k-algebra S over a field k is said
to be d-self-injective if S is nonpositive, proper (that is, @,z H'(S) is a finite-dimensional k-module)
and <S>§0} = (D(Ss)[d — 1]>‘1{0} (see Definition 4) for notation) in Z(S), where D := Homy(—,k) is
the k-duality. A class of self-injective DG algebras is given by trivial extension. For instance, given a
finite-dimension k-algebra A, the trivial extension DG algebra A & D(A)[d — 1], with the multiplication of
the usual trivial extension of A and with zero differential, is d-self-injective (see [19} Section 6]).

Corollary 4.3. (1) Let R be an Artin algebra. Then findim(2°(R-mod)) < eo. If R is a Gorenstein
algebra, then findim(%ss(R)) < oo.
(2) Let S be a d-self-injective DG algebra over a field k with d > 1. Then findim(Zs,(S)) < o.

Proof. (1) Note that 2”(R-mod) has a canonical algebraic ¢-structure with the heart R-mod. By Lemma
3), findim(2?(R-mod)) < . Suppose that R is n-Gorenstein, that is, the injective dimensions of xR
and Ry are the same and equal to n. Let . be the stable category of the Frobenius category of finitely
generated Gorenstein-projective R-modules. Then there is a triangle equivalence .7 ~ Z,(R), due to
Buchweitz. So, we can identify these two equivalent categories. Since R is n-Gorenstein, . consists of
n-th syzygies Q}(X) for all X € R-mod. Now, let J be the radical of R and m the Loewy length of R, and
let G := Q}(R/J). Observe that each finitely generated R-module has a radical series of length less than
or equal m, and taking n-th syzygy of this series produces an iterated sequence of triangles in .. This
implies . = (G)!”. By Lemma4), findim(.#, G) = 0. Thus findim (Z%ss(R)) < eo.

(2) Clearly, self-injective DG algebras are Gorenstein in the sense that (S) = (D(S)) in Z(S). By [19,
Theorem 0.3(4)], the category Zs,(S) is triangle equivalent to the stable category S-CM of left Cohen-
Macaulay DG S-modules. Let G be the direct sum of (finitely many) isomorphism classes of simple
H(S)-modules. It follows from [19, Theorem 0.6 and Definition 0.4] that S-CM = (G) [1=d0] By Lemma
B.1}4), findim(S-CM, G) < eo. Thus findim (Z4y(S)) < eo. O

We point out that the opposite categories of all triangulated categories in Corollary [4.3] have finite
finitistic dimension. More examples of triangulated categories satisfying the conditions of Lemma.1(4)
can also be found in [16] which is related to Tachikawa’s second conjecture (that is, all finitely generated
self-orthogonal modules over a self-injective Artin algebra are projective).
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Example 4.4. Let A be a self-injective Artin algebra and let M € A-mod be a self-orthogonal module (that
is, Extf4 (M,M) = 0 for i > 0) containing the module 4A as a direct summand. We consider the category
A-Mod of left A-modules and its stable category .7 := A-Mod that is a compactly generated triangulated
category. Let I := End » (M) and

& :={X € A-Mod | Hom5 (M, X[n]) =0, n # 0,—1; Homs (M, X & X[—1]) € I-mod}.

Clearly, & contains all projective A-modules. We denote by & the stable category of &, which is a full
subcategory of .7. Following Definition 5), the full subcategories Mi{o} C (M) C 7 are defined.
Now, we focus on a quotient category of additive subcategories of .7

= (En )/ T,

This category is closely related to Tachikawa’s second conjecture in the following sense:

Suppose that (M) io} = (D(A) @4 M >41L0} in 7 (this is always true if A is symmetric), where D is the
usual duality on A-mod. Then . vanishes if and only if 4M is projective, due to [[16, Corollary 4.9].
Moreover, by [[16, Proposition 1.6(2)(3)], . is a triangulated category and there exists an A-module S
with .7 = <S>[2;1’0], where n is the Loewy length of I'. Thus findim(.#’) < e and findim(.#°P) < oo by
Lemma[.1(4).

The following result shows that if a triangulated category has a strong generator (see Definition[2.1(6))
with a negative self-extension vanishing condition, then it has finite finitistic dimension. This condition
is not very restrictive in practice. For instance, it holds for the case that the category is a full triangulated
subcategory of .77 for a triangulated category .7 with a ¢-structure.

Proposition 4.5. If ¥ = (G),,,, for some n € N such that Hom & (Gli],G) =0 for i > d +1 withd € N.
Then findim(7,G) < n(d+1) < oo,

Proof. Let F € G(—oo,—1]*. Assume .¥ = (G),,. Then F € (G),,,. By Lemma2.27| the identity
map F — F factors through an object of (G)L;"l(dﬂ)’w). This implies F € (G)Ljr"l(dﬂ)’m) C (G)lnld+1)=),

Thus findim(.,G) < n(d+1) < co. O
A direct consequence of Proposition 4.5]is the following result on E;-rings (see Appendix [A).

Corollary 4.6. Let R be an E|-ring such that the n-th homotopy group of R vanishes for n > 0. If
the homotopy category . of left perfect R-modules has a strong generator, then findim(.%,R) < oo and
findim (7", RP) < oo,

Remark 4.7. In [35] Definition 3.2], Rouquier introduced an invariant of triangulated categories which is
known as Rouquier dimension. It turns out that a triangulated category has finite Rouquier dimension if
and only if it has a strong generator. In the literature, there appear many classes of (algebraic or geometric)
triangulated categories with finite Rouquier dimensions (for example, see 35, 29, 4]).

Example 4.8. Let X be a noetherian, separated, finite-dimensional, quasiexcellent scheme. According to
[4, Theorem 5.1 and Proof of Main Theorem], there exists an object H € @é’oh (X) and a positive integer

m such that Zg(X) = Coprod,,(H(—o0,)) and Z°, (X) = (H),,. Thus, Z4¢(X) satisfies the condition of
Theorem m(Z) (b) and 2%, (X) has finite Rouquier dimension.
A combination of Example 4.8 and Proposition d.5]yields the following result.

Corollary 4.9. Let X be a noetherian, separated, finite-dimensional, quasiexcellent scheme. Then we
have findim(2°, (X)) < .

coh
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Remark 4.10. In general, for a finite-dimensional, noetherian scheme X, the category .@foh (X) may have
infinite finitistic dimension. In fact, by Lemma 2), a necessary condition for findim(2?%, (X)) < e
is that 2%, (X) has a classical generator. However, this condition does not hold even for some affine
schemes. For a commutative noetherian R, the existence of a classical generator for 2”(R-mod) im-
plies the openness of the regular locus of R. Thus, for any commutative, noetherian, local ring R
whose regular locus is not open in the spectrum of R, we have findim(2”(R-mod)) = . In this case,

findim(2#?(R-proj)) < oo by Lemma 5) since findim(R) < dim(R) < eo.

The following result shows that, under a finiteness condition on a classical generator (not necessarily
a strong generator) of a triangulated category and a ring theoretic condition on its endomorphism ring, we
also have finite finitistic dimension.

Proposition 4.11. Let G be a nonzero, classical generator of .#. Suppose that the ring R := End o (G)
is left coherent and the direct sum @;c; Hom (G, G[i]) of left R-modules is finitely presented. If .7 is
idempotent complete, R is semisimple and Hom o (G[i],G) = 0 for i > 0, then findim(.”,G) = 0.

Proof. Let .#?' ;= G(—o0,i—1]* fori € Z. Then /% = G(—oo0, —1]* and .77 = #2[-1] C .7/,
Since @, Hom » (G, G[i]) € R-mod, it is clear that Hom » (G, G[i]) = 0 for | i |>> 0 and Hom » (G, G[i]) €
R-mod for i € Z. Now, let

d :=sup {i € N|Hom »(Gli],G) #0}.

Then d < oo. For X € ., we define Ay := {i € Z|Hom »(G]Ji],X) # 0}. Since R is left coherent and G
is a classical generator of ., the following property holds: (x) The set Ay is finite and Hom o (G[i],X) €
R-mod for i € Z. Further, we define the following ideal of morphisms:

C:={f €Homy(X,Y)|X,Y € .and Hom »(Gli],f) =0, Vi€ Z}.

Note that a morphism f : X — Y € (C if and only if for any i € Z and for any morphism g : G[i] — X,
there exists a morphism / : G[i] — Cone(f)[—1] such that g = hf’, where f’ appears in the triangle

Cone(f)[—1] Tox Ly — Cone(f). The ideal C has the following nice property (xx): If X € (G),

for some m > 1 and f : X — Y is the composition of m morphisms in C, then f = 0.

Let Xo € 2. Then Ay, is finite and consists of nonpositive integers. By the property (), for
each i € Ay,, there exists an object G, x, € (G[i])io} and a morphism f;x, : Gix, — Xo in . such that
Hom o (G[i], fix,) : Hom «(G[i], G;x,) — Hom & (G[i],Xp) is a surjective homomorphism of R-modules.
Now, we define X6 =P Ax Gix, and let f : X(’) — Xo be the morphism induced by the family { f; x, }ic Axp*
Then f is extended to a triangle in .

(1) X5~ xp

Xi Xo[1]

The construction of f implies that go € C and X; € (G) [10’&). Since Hom #(Gli],G) = 0 for all i > d,
we have G[—d] € .70, As .#?" C .7 is closed under extensions, negative shifts and direct summands,

(G)l4=) € 720 Thus X} € (G) EO’W) C.7?74 and X; € #2771 The above procedure can be carried out
[_d_lsm) C
1

analogously for X;, yielding a distinguished triangle X| — X; - X, — X{[1], where X| € (G) C
FZ72=1 o € Cand X, € .72, Therefore the octahedron axiom of triangulated category produces
a triangle G, — Xo 8% X, — G»[1], where G, € Xi*X{ C <G>[27d71’°°). More generally, for any j € N,
we obtain a triangle

8081°8j
Gjt1 Xo

Xjit1 — Gjnll]
where G C (G>Bjr]i(d+1)’°°) and g; € Cforall 0 <i< .
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In the following, we will consider the special case: . is idempotent complete, R is semisimple and
Hom »(G[i],G) = 0 for i > 0. Then d = 0 and G € .>°. This implies X; € .>~!. Now, we claim that
X1 € .20, Tt suffices to show Hom o (G[1],X;) = 0. Applying Hom »~(G[1], —) to the triangle (%) yields
an exact sequence

0 = Hom.(G[1],Xo) — Hom.(G[1],X1) — Homs(G[1],X,[1]) ™" Hom  (G[1], X0[1]).
Since X, € (G)!**) and d = 0, we have Hom (G[1],X}[1]) = Hom (G[1],Gox,[1]). It follows that
Hom #(G[1],X;) = 0 if and only if Hom (G, fy x,) : Hom (G, Gy x,) = Hom »~(G,Xp) is injective.
Since . is idempotent complete, the functor Hom o (G, —) : (G>io} — R-proj is an equivalence. As
R is semisimple, R-mod = R-proj. In particular, Hom »(G,Xy) € R-proj. Consequently, the morphism
fox, : Gox, — Xo can be chosen such that Hom & (G, fo x,) is an isomorphism. This implies X; € ./ 20,
Since the construction of X; from X, does not change the original category .#>", the iterated procedure

produces a triangle

80818
G Xo

Xjr1 — Gjn[l]

satisfying that G| C <G>B(1:;)

some n € N, then Xj is a direct summand of G, and therefore Xy € (G)

s Xj11 € F?%and g;e Cforall0<i< jeN. Similarly, if Xy € (G),4 for

,[1(:10;). This shows 729N (G) 11 C

0,) o . . . . . . .
(G>[ =) Since .#>" contains G and is closed under negative shifts, extensions and direct summands in

n+1 *
<, we have (G) LOJ’:) C .21 (G),41. Consequently, (G}LOJ’:) = .7?1(G) 4 1. It follows that
720 =72°0(6) = 7> (U (Ghus) = U(#7°0(Ghai) = U (67 = (6.

neN neN neN
Thus findim(.,G) = 0. O

Example 4.12. Let S be a DG algebra over a commutative ring k. Suppose that H%(S) is a semisimple
k-algebra, H"(S) = 0 for n < 0, and H"(S) is a finitely generated H°(S)-module for n € N. We show that
findim(Z(S5)) < eo.

In fact, by [21, Theorem 7.1], the pair (<S>(_°°’°], (S) [0""’)) of full subcategories of Z(S)¢ is a bounded
t-structure on 2(S)°. This implies ((S)(~=~1)+ = ()10, Since ((S)(~>~ 1)L = §(—o0, — 1], we obtain
findim(Z2(5)¢,S) = 0. Thus findim(Z(S)¢) < oo.

We mention that if additionally H"(S) = 0 for n >> 0, then the triangulated category Z(S)¢ with the
classical generator S satisfies the assumptions of Proposition In this case, we can directly show that

findim(Z(S)¢) < o by Proposition4.11]

To establish the finiteness of the finitistic dimension of the derived category of perfect complexes
on a general scheme, we propose the following notion which is a generalization of finite-dimensional,
noetherian schemes.

Definition 4.13. Let X be a quasicompact, quasiseparated scheme. We say that X has finite finitistic
dimension if it has a finite affine open covering X = |Ji_, V; such that for each i, V; is isomorphic to the
spectrum of R; for some commutative ring R; of finite finitistic dimension.

Now, we state a finiteness result on the finitistic dimension for schemes.

Proposition 4.14. Let X be a quasicompact, quasiseparated scheme, and Z C X a closed subset with
quasicompact complement. Suppose that X has finite finitistic dimension. Then ﬁndim(@zperf(X ) < oo

and ﬁndim(@gerf(X )oP) < oo,
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Proof. Let X =Ji_, V; be a finite affine open covering of X, where V; ~ Spec(R;), the spectrum of R;
for some commutative ring R; with findim(R;) < oo for each i. Define m := max{findim(R;) | 1 <i < s}.
Since X has finite finitistic dimension, we have m < oo, Let (—)" := Z# om(—, OY), the right derived
functor defined by the structure sheaf 0. We first prove the inclusion

() : (2 (X)N Ze(X)?) " € PP (X) N e (X) <"

For this aim, we identify Zq.(V;) and 2P (V;) with 2(R;) and %" (R;-proj) (up to triangle equivalence),
respectively. Let M® € ZP(X) N Dye(X)?° and let M} be the restriction of M® to V;. Then M*" €
2P(X), and M? € J#°(R;-proj) N Z2(R;)?°. Tt follows from findim(R;) < m that M? is isomorphic in
2(R;) to a bounded complex of finitely generated projective R;-modules with nonzero terms concentrated
in degrees > —m. Now, we denote by (M*"); the restriction of the complex M*" to V;. Then (M*"); is
isomorphic in Z(R;) to Z.5om(M?,R;). This implies that (M*"); € Z(R;)S™ for each i, and therefore
M*" € D4e(X)S™. Thus the inclusion (x) holds.

Let 7 := Dyez(X) and .7 := 25" (X). 1t follows from Theorem that 7¢ = ., 7 has a
compact generator G and the standard z-structure (Zge z(X)S°, Zgez(X)?") on 7 is in the preferred
equivalence class. Thus G is a classical generator of . by Lemma and there exists a natural number
r such that Py 7(X)>" C 950 C Dge,z(X)?". Note that the functor (—)V : (2P (X)) — 2P(X) is
an equivalence of triangulated categories which restricts to an equivalence .°P — .. This implies that
G" is a classical generator of .. Since .7 is compactly generated by .#, the object G" is a compact
generator of .7. Then the ¢-structures on .7 generated by G and G" (see Example are equivalent,
and therefore both 7-structures are in the preferred equivalence class. Thus there exists a natural number s
with Dge 7(X)S ™5 C 9(;%0 C Dyez(X)S. Let X € G(—oo, — 1 N.7. Since T = G(—o0, 1], we have
Xeg7'ny c -@qi,_zr N.7. 1t follows from (*) that

XV e (i NS =Dy NP (X)) €N Doez(X)ST" C.S NG,
Since G" is a compact generator of .7, we see from Lemma [2.6|that .7 N F5/ " = (GY) (== r+s+ml,
This forces XV € (GY)(==7+5+m “and therefore X ~ (XV)V € (G)[=(+s+m)=) Thus

G(—oo, —1]* N.7 C(G)TUHstm=) — (GYO=) [ 45 4 m].

This implies findim(.,G) < r+s+m < oo and shows findim(.¥’) < eo. Since .# and .7’°P are equivalent
as triangulated categories, findim(.#°P) < co. O

Remark 4.15. We give a sufficient condition for a scheme to have finite finitistic dimension.

Let X be a quasicompact, quasiseparated scheme. If 2P (X) has a strong generator, then X has finite
finitistic dimension.

Assume that 2P°(X) has a strong generator. For any open affine subscheme V of X, it is known that
the restriction functor 2P (X) — (V) is the idempotent completion of a Verdier quotient functor.
By [35, Lemmas 3.3 and 3.4], 2P (V) has a strong generator. Let V be isomorphic to the spectrum of
a commutative ring R. Then 2P (V) ~ " (R-proj) as triangulated categories. By Corollary and
Lemma 5), findim(R) = findim(_#®(R-proj),R) < 0. Thus, X has finite finitistic dimension.

4.2 Proofs of consequences of our main result
With the preparations in Section .1} we now give proofs of a series of consequences of Theorem|[I.3]
Corollary 4.16. Let 7 be a compactly generated triangulated category which has a compact generator

G. Suppose that Hom 7 (G, G[i]) = 0 for i > 0 and (.7¢)°P has finite finitistic dimension.
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(1) If 7€ has a bounded t-structure, then 7€ = T".
(2) If Z is a full triangulated subcategories of T with T¢ C 2 C TP, then all bounded t-structures
on 2 are equivalent.

Proof. Let .7 := 7°¢. By Lemma[2.2] . = (G). This implies .7 = (G°). Since findim(.7°P) <

it follows from Corollary 4.2| that findim(.°P, G°P?) < «. Now, we consider the inclusion F : .%¥ C 7
which is a good extension. By Lemma l2) {(YNT <*"}neN is a G -good metric on .. Moreover, by
Theorem [2.T9(1), the functor yr : 7 — -Mod (see Definition [2.15) restricts to a triangle equivalence
6(,5” ) = &(). Since the restriction of yr to . is exactly the Yoneda functor . the image of .
under 1 is equal to &g(.¥) if and only if .77 = 6(5” ). Further, 6(,7 ) = 7> by Theorem [2.19(2)(b).
Thus Corollary @.16]follows from Theorem [I.5] O

Next, we apply Corollary [4.16]to derived categories of schemes or ordinary rings. For the analog of
those results for connective [E;-ring spectra, or in particular, nonpositive DG rings, we refer to Corollaries

[A7land[B.71

Corollary 4.17. Let X be a quasicompact, quasiseparated scheme and let Z be a closed subset of X such
that X — Z is quasicompact. Suppose that X has finite finitistic dimension. Then:

(1) If szerf( X) has a bounded t-structure, then @perf( X)= @é’cbz( ). In particular, if X is noetherian,

then @Zperf(X ) has a bounded t-structure if and only if Z is contained in the regular locus of X.
(X) are equiv-

(2) All bounded t-structures on any triangulated category between .@perf( X) and .@é’c’ 7

alent. In particular, if X is noetherian, then all bounded t-structures on .@Coh Z(X ) are equivalent.

Proof Let 7 := Dyez(X) and .7 := 25" (X). By Theorem 2.21} 7¢ =.&. By Example[2.22, Z7? =

.@qc Z( ). Moreover, by Proposition | findim(.#°P) < oo. Thus the first parts of Corollary 4. 17* 1)

and Corollar 2) follow from Corollary M.16(1) and Corollary {.16(2), respectlvely The assertions
in Corollary 4.17|for a noetherian scheme X are true by combining the facts: _@(fc 2(X) = Dby ,(X); Z

perf ( )

is contained in the regular locus of X if and only if &, Dy, (X); the category D, ,(X) has an
obvious bounded z-structure. [

Corollary 4.18. Let R be a ring. Suppose findim(RP) < oo. Then:
(1) If #°(R-proj) has a bounded t-structure, then #*(R-proj) = # —*(R-proj). In particular, if R
is left coherent, then " (R-proj) has a bounded t-structure if and only if #”(R-proj) = 2”(R-mod).
(2) All bounded t-structures on any triangulated category between #°(R-proj) and # ~*(R-proj)
are equivalent.

Proof. Let 7 := Z(R) and . := #*(R-proj). Then 7¢ = .. By Example Tb = b (R-proj).
Since findim(R°) < oo and .#°P as a triangulated category is equivalent to .#"”(R°P-proj), we have
findim(.#°P) < oo by Lemma 5). By Corollary 1), the first assertion of Corollary 1) holds.
If R is left coherent, then R-mod is an abelian category and .# ~**(R-proj) = 2°(R-mod) (up to triangle
equivalence) which has an obvious bounded 7-structure. Thus the second assertion of Corollary {.18(1)
holds. Corollary 4.18|2) is a direct consequence of Corollary 4.16(2). O

Corollary 4.19. Let .7 be an essentially small triangulated category. If . has an algebraic t-structure,
then & = &¢() for any classical generator G of .

Proof. Suppose that . has an algebraic ¢-structure (.7<9,.72%). Then .”°P has an algebraic ¢-structure
((:#29)°P, (#<0)P). Let H be the direct sum of the isomorphism classes of simple objects in the heart
of (<0, .#2%). Then H? is a classical generator of .#°P, and findim(.#°P, HP) < o by Lemma 3).
Since (H) = (G), Theorem[1.5|(a) implies Corollary 4.19] O
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Corollary generalizes the implication of (ii) to (i) in [1, Proposition 4.12] which deals with
% (R-proj) for a finite-dimensional algebra R over a field. Note that, in Theorem|1.5] the only condition
on our triangulated category is on the finiteness of the finitistic dimension. One may wonder to what extent
Theorem (a) and (b) hold without this finiteness assumption. A completion-invariant triangulated
category can have bounded 7-structures without having finite finitistic dimension. We give an example of
such a category below. In this example, the conclusion of Theorem (b) is not satisfied.

Proposition 4.20. Let R := k[x;,x2,x3,- -] be the polynomial ring in countably many variables over a
field k. Then:

(1) R is coherent, findim(R) is infinite and #°(R-proj) = 2°(R-mod). Thus the singularity category
of R is trivial.

(2) #P(R-proj) has two bounded t-structures which are not equivalent. In particular, one of the
bounded t-structures on % °(R-proj) generates a t-structure on P(R) that is not in the preferred equiva-
lence class.

Proof. (1) It is known that R is coherent. To show (1), it suffices to show that each finitely presented
R-module has finite projective dimension. Since R-mod is an abelian subcategory of R-Mod and finitely
generated submodules of finitely presented R-modules are finitely presented, we only need to show that
each finitely generated ideal / of R has finite projective dimension.

For an R-module X, we denote by pdim(zX) the projective dimension of zX. Let I := X" |Rr; be
the ideal of R generated by finitely many elements ry,r,---,7, of R. Then there exists a positive in-
teger m such that {ry,r2,---,r,} C S :=kfx;,x2, - ,x,). LetJ: =X Sr; thatis a finitely generated
ideal of S. Note that S has global dimension m, and therefore pdim(sJ) < m — 1. Since R is a free S-
module, R ®sJ ~ I as R-modules and further s/ is a coproduct of countably many copies of sJ. This
implies that pdim(z/) = pdim(sJ) < m — 1. Thus R is regular. For n > 1, let S,, := k[x,x2,---x,]. Then
pdim(gX}_,Rx;) = pdim(s, X" | S,x;) = pdim(s,k) —1 = n— 1. It follows that pdim(gX!_Rx;) =n—1,
and therefore findim(R) > n — 1. This forces findim(R) = oo.

(2) Let .7 := 9*(R-mod), & := {X* € ./ | H(X*) =0,V i> 0} and B := {X* € .7 | H(X"*) =
0,V i < 0}. Then (<, 48) is a bounded z-structure on .. Let (—)" = RHomg(—,R) : ¥ — . be the
right derived functor defined by the R-module R. This functor is an auto-duality of triangulated categories,
and thus (#",47V) is also a bounded 7-structure on .. Now, we show that these two -structures on .&
are not equivalent.

For an element x € R, we denote by K (x) the two-term complex 0 — R — R — 0 with nonzero terms
in degrees —1 and 0 and with the differential given by the multiplication by x. For n > 1, the Koszul
complex of the regular sequence {xj,x2,--,x,} in R is defined as the tensor complex K, := K(x|) ®g
K(x2) ®g --- ®g K(x,) of all these K(x;) over R. Let I, := X!' | Rx,. It is known that xR/, is quasi-
isomorphic to K,,. Clearly, R/I, € 9 and thus K, € %". Since K(x;)" = Homg (K (x;),R) ~ K (x;)[—1],
there are isomorphisms K, ~ K(x;)" @r K(x2)" ®g -+ @r K(x,)" >~ K,|—n] =~ (R/I,)|—n] in .. This
implies H"(K,)) ~ R/I, # 0. Consequently, there is no positive integer ¢ such that Z"[t] C «/. So,
(o, %) and (B", o) are not equivalent.

Let 7' := (2(R)<°, 2(R)?") be the standard ¢-structure on Z(R). It is in the preferred equivalence
class and its restriction to . is the z-structure (7, %). Since %" consists of compact objects, it generates
a t-structure 7 := (Coprod(#"), (Coprod(£")[1])*) on Z(R) by Example Moreover, by [31}
Lemma 2.5], the restriction of & to .# is equal to (%", 4"). Since (&/,%) and (%", o) are not
equivalent, 2’ and & are not equivalent. Thus Z is not in the preferred equivalence class. O

We also borrow an example of a triangulated category from [26] which is neither algebraic nor topo-
logical, and show that this category has no bounded ¢-structure, but its completion is zero.
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Example 4.21. Let R := Z /47 and let . be the category of finitely generated free R-modules. In [26],
it was shown that .# is a triangulated category with the identity functor as its shift functor, and more
surprisingly, it is neither the stable category of a Frobenius category nor a full triangulated subcategory of
the homotopy category of a stable model category.

Clearly, the module R is a classical generator of . and R[n] = R for any integer n. This implies
that Hom & (R[n],R) = End »(R) ~ R # 0, and therefore .#. = 0. By Lemma . has no bounded
t-structure. However, the completion Gg(.) of .# with respect to the R-good metric {.#,},cn, where
My = for all n, is zero. Thus .7 # Gg(.¥), but the almost singularity category of .# vanishes (see
Definition . In this example, we also have findim(.#,R) = 0 = findim(.#",R™), since R is commu-
tative and R[n]* = R+ = 0in .. Note that Krause’s completion (see [22]) does not apply to non-algebraic
triangulated categories, and therefore does not apply here.
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Appendix A Completions of perfect modules over connective ring spectra

In this appendix, we calculate the completion of the homotopy category of perfect modules over a connec-
tive ring spectrum (Theorem and Corollary [A.6)), which generalizes the case of the sphere spectrum.
For an introduction to structured ring spectra and their module spectra, we refer to [24, Chapter 7].

For a spectrum E, we denote by 7, (E) the n-th homotopy group of E for each n € Z. Recall that an [, -
ring R is by definition an [E-algebra object in the co-category Sp of spectra. In other words, R is a spectrum
equipped with a multiplication which is associative up to coherent homotopy. An IE;-ring R is said to be
connective if m,(R) = 0 for all n < 0. An important class of connective E;-rings is the Eilenberg—Mac
Lane ring spectrum HA of an ordinary ring A, where ©,(HA) = 0 for n # 0 and mo(HA) = A.

Let R be an [E;-ring. We denote by LModg the stable oo-category of left R-module spectra. Unless
stated otherwise, all module spectra in this section are left module spectra. It is known that LModg is a
compactly generated stable co-category that has xR as a compact generator. We denote by LModf;erf the
smallest stable subcategory of LModg containing gR and closed under direct summands (or retracts in
other terminology). An R-module M is said to be perfect if it belongs to LModfeerf. Roughly speaking, an
R-module M is perfect if it can be obtained as a successive extension of finitely many (possibly shifted)
copies of R or is a direct summand of such an R-module. By [24} Proposition 7.2.4.2], an object of LModg
is compact if and only if it is perfect.

For a general stable co-category C, we denote by Ho(C) the homotopy category of C. This is a
triangulated category (for example, see [24] Section 1.1.2] or [10, Section 2]). A morphism f: X —Y
in C is called an equivalence if it is an isomorphism in Ho(C). Following [24, Definition 1.2.1.4], a
t-structure on ( is by definition a ¢-structure on Ho(C). For z-structures, connective [E;-rings stand out
since their module spectra have canonical 7-structures.
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From now on, let R be a connective E;-ring. For each integer n, there is a pair of co-categories:
(LMOdR)>n = {M S LMOdR‘ TE,'(M) = 0, Vi< I’l}, (LMOdR)gn = {M S LMOdR‘ TE,'(M) = 0, Vi> I’l},
admitting the following nice property (see [24, Proposition 7.1.1.13]).

Lemma A.1. The pair ((LModg)>,, (LModg)<y) is a t-structure on LModg with the heart equivalent to
the nerve of Ty(R)-Mod. Moreover, (LModg)<, and (LModg)s, are stable under (small) products and
filtered colimits in LModg.

By LemmalA.1] the inclusion (LModg)>, — LModg has a right adjoint T, : LModg — (LModg)>n,
the inclusion (LModg)<, — LModg has a left adjoint T<, : LModg — (LModg)<,, and both inclusions
preserve filtered colimits. Thus T, preserves compact objects and each R-module M is endowed with a
fiber sequence T, (M) - M — t<,_1 (M) such that >, (M) € (LModg)>, and T<,—1 (M) € (LModg) <p—1.
For a morphism f : M — N in LModg, we denote by fib(f) and cofib(f) the fiber and cofiber of f,
respectively. Then fib(f)[1] is equivalent to cofib(f).

In general, the condition that an R-module is perfect is very strong. The following definition general-
izes the concept of perfect modules over connective [£-rings.

Definition A.2. [24, Definition 7.2.4.10] An R-module M is almost perfect if there exists an integer k with
M € (LModg) > such that, for each n € N, the R-module t<,(M) is a compact object of the co-category
(LMOdR)gk N (LMOdR)gn.

The full subcategory of LModg consisting of almost perfect R-modules is denoted by LMod;perf. By
[24) Proposition 7.2.4.11(1)], LModj,‘eperf is a stable subcategory of LModg containing LModf’eerf and closed
under direct summands. In general, LModff;'rf is not easy to describe. But for a left coherent E-ring R, it
can be characterized in terms of objects of 7y(R)-mod, the category of finitely presented left modules over
the ring mo(R).

Definition A.3. [24] Definition 7.2.4.16] A connective E;-ring R is left coherent if my(R) is left coherent
as an ordinary ring and 7, (R) is a finitely presented left ty(R)-module for any n € N.

By [24, Propositions 7.2.4.17], an R-module M over a left coherent [E;-ring R is almost perfect if and
only if w,(M) € mp(R)-mod for n € Z and n,,(M) = 0 for n < 0.
In the following, we concentrate on some special classes of left coherent E-rings.

Definition A.4. [5, Definitions 1.1, 1.2, 1.4] Let R be a left coherent [E;-ring. An R-module M is said
to be truncated if m,(M) = 0 for n > 0; and coherent if M is both truncated and almost perfect, that is,
7, (M) € mp(R)-mod for n € Z and m,(M) = 0 for |n| > 0.

The E;-ring R is said to be truncated if gR is truncated; almost regular if each coherent R-module is
perfect; and regular if mo(R) is left regular and Hmy(R) as a left R-module is perfect.

Coherent R-modules are referred to bounded R-module spectra in [22, Appendix A] that are pseudo-
coherent R-modules with bounded homotopy (see [22} Proposition Al]). By [, Proposition 1.3], regular
[E;-rings are exactly almost regular E;-rings R with o (R) a left regular ring. Examples of regular E,-rings
contain the connective real K-theory spectrum, the topological modular forms spectrum and the truncated
Brown-Peterson spectrum (see [5] for details).

Now, we consider the following categories, of which the first three are triangulated categories:

T = HO(LMOdR), = HO(LModgerf)’ PP . HO(LMOdeerf),
70 := {M € Ho(LModg)| (M) =0, Vi <0}, 77" := {M € Ho(LMody)| m(M) =0, Vi > 0}.

Since R is connective, the module R is a compact generator of .7 and in .7 <C. This implies . = (rR) C
J~. By Lemma the pair (.7<°,.729) is a t-structure on .7 in the preferred equivalence class.
With the above preparations, we give the main result of this appendix as follows.
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Theorem A.5. Let R be a connective K-ring. Then:
() () =T =SPand 6() = Th =.7%n TP,
(2) . C S(Y) if and only if R is truncated.

Proof. (1) Since Homz (R,R[i]) ~7n_;(R) = 0 for i > 0, we see from Theorem[2.19(2) that £'(.%) = .7,
and &(.) = ZF. It suffices to show 7~ = ..

Let ¢ := (LModg)>0 ﬁLMod?ep erf, By [24, Proposition 7.2.4.11(5)] and its proof, for each M € €,
there exists a sequence of morphisms

A f Ja fut1
—_—

D(0) —~ D(1) D@2)——> - ——=D(n—1)

D(n) Dn+1) ——---

together with morphisms g, : D(n) — M in LModg, where g, = f,+18n+1, fib(g,) € (LModg)>, and

cofib(f,)[—n] is a free R-module of finite rank (fy denotes the zero map 0 — D(0)) for n € N, such that the

natural map colimD(n) — M is an equivalence. This yields a triangle fib(g,) — D(n) — M — cofib(g,)
e

in .7 with D(n) € . and cofib(g,) ~ fib(g,)[1] € (LModg)>,+1. Thus M € .7.~. Since almost perfect
R-modules can be obtained from & by taking shifts, we have .7* C .7 ~.
It remains to show 7.~ C .*P. For this aim, we take X € .7,~. By Definition there exists a

fiber sequence X, Ty x Y, in LModg with X,, € LModgerf and Y, € (LModg)>, for each n € N. We
fix an integer i and apply 7; to this sequence. Then for n > i+ 2, the map 7t;(h,) : 7;(X,) — m;(X) is an
isomorphism, due to m;(¥,) = 0 = m; 1 (Y,). Let m; := max{0,i+2}. We first show that the morphism
T<i(hm;) : T<i(Xm;) = T<i(X) is an equivalence in LModg.

Clearly, 7tj(hy,) : Tj(Xy,) — ®j(X) are isomorphisms for j < i. Recall that, for an R-module M, the
associated unit adjunction M — t<;(M) satisfies that 7t;(M) ~ 7;(t<;(M)) for any j < i. This implies that
the maps 7; (T<;(m,)) : T (T<i(Xm,)) = 7 (T<i(X)) are isomorphisms for j < i. As the k-th homotopy
of any object of (LModg)<; vanishes for k > i, the maps 7;(T<;(hy,)) are isomorphisms for all integers
Jj. Consequently, the fiber of T<;(h,,,) has no nonzero homotopy groups; in other words, it is equivalent to
zero. Thus T<;(h,y,) is an equivalence in LModg.

Since X,,, is compact in LModg and t<; : LModg — (LModg)<; preserves compact objects, T<;(Xm,)
is compact in (LModg)<;. It follows from the equivalence T<;(h,,) that T<;(X) is also compact in
(LModg)<;. Observe that if i < —2, then m; = 0 and T<;(Xy) — T<;(X) is an equivalence. Since
Xo € LMod%erf and R € (LModg) >0, there exists an integer k < —1 with Xy € (LModg)>k. Then T<x—1(Xo)
is equivalent to zero. Since T<;—1(Xp) ~ T<x—1(X), we see that T;_1(X) is also equivalent to zero. Now
the fiber sequence T>¢(X) — X — T<x—1(X) implies X ~T>¢(X) € (LModg)>. Thus X is almost perfect.
This shows 7.~ C ./,

(2) Since .7 C .7, we see from (1) that . C &(.%) if and only . C 7. Recall that . is
generated by gR. Thus . C .7 if and only if R € .7”. The latter is equivalent to the vanishing of 7,,(R)
for m > 0. This shows (2). O

A direct consequence of Theorem is the following result. This conveys that our definition of
almost regular triangulated categories in Section[I.T} when specialized to the case of connective E;-rings,
is consistent with the one of almost regular E;-rings.

Corollary A.6. Let R be a left coherent E\-ring. Then:

(1) S (resp., S (.7)) is the full triangulated subcategory of 7 consisting of all perfect and truncated
R-modules (resp., all coherent R-modules).

(2) .7 is almost regular (resp., regular) if and only if R is almost regular (resp., R is almost regular
and truncated). In particular, if 1o(R) is left regular, then . is almost regular if and only if R is regular.

Finally, left coherent rings in Corollary can be generalized to left coherent [E;-rings. As usual,
for an [E;-ring R, we denote by R°P the opposite of R which is also an [E;-ring.
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Corollary A.7. Let R be a left coherent E|-ring. Suppose that Ho(LModgf,f,f) has finite finitistic dimension.
Then the following statements are true.

(1) & has a bounded t-structure if and only if R is almost regular and truncated.

(2) If R is truncated, then all bounded t-structures on any triangulated category between . and
S(.7) are equivalent.

Proof. (1) Since R is connective, Hom » (R, R[i]) ~ 7_;(R) = 0 for all i > 0. Moreover, the triangulated
categories .#°P and Ho(LMod}ﬁf) are equivalent, due to [24] Propositions 7.2.4.4]. So, the “only if” part

of Corollary [A.7(1) follows from Corollary[1.7(1) and Corollary [A.6{2).
Since R is left coherent, we see from [24, Propositions 7.2.4.18] that the pair of co-categories

(LMod¥*"" N (LModg) >0, LMod¥*" 1 (LModg) <o)

is a f-structure on LMod';leperf. Restricting this #-structure to the stable co-category of coherent R-modules,
we obtain an obvious bounded ¢-structure on & (.). If R is almost regular and truncated, then .’ = & ()
and thus . has a bounded z-structure. This shows the “if”” part of Corollary[A.7(1). Note that, for the “if”
part, we don’t need the finite finitistic dimension assumption.

(2) Suppose that R is truncated. Then . C @(5” ) by Theorem 2). Now, Corollary 2) isa
consequence of Corollary [T.7(2). O

Remark A.8. (1) Let R be the sphere spectrum. Then R is a left coherent E,-ring with 7to(R) = Z. The
description of &(.%) in Corollary has been given in [28, Example 22]. Since .7, = 0, there is no
bounded #-structure on .#" by Lemma 2.7} Moreover, by Definition [2.24} the almost singularity category
of . is equivalent to &(.¥).

(2) It is shown in [22] Corollary A2] that the completion of . in the sense of Krause is also equivalent
to the triangulated subcategory of .7 consisting of all coherent R-modules by taking homotopy colimits.
Interestingly, different types of completions of .# produce the same triangulated category.

Appendix B Different notions of finitistic dimension of categories

In this appendix, we mention some other ways of defining finitistic dimension for triangulated categories.
In some cases, these notions were only defined for specific classes of triangulated categories, and we
extend these notions to general triangulated categories.

If higher extension groups of objects are considered, then the projective dimensions of objects and
the finitistic dimensions of compactly generated triangulated categories can be defined. This imitates the
definitions of projective dimensions of modules and the finitistic dimensions of ordinary rings, or more
generally, of nonpositive DG rings (see [9]]).

Let .7 be a compactly generated triangulated category which has a compact generator G. We consider
the ¢-structure (350, 9(;20) on 7 generated by G. Denote by .7 the full subcategory of .7 consisting
of all bounded objects X, that is, there is a positive integer n with X |[n] € ngo and X[—n| € 950. Let
HG = ,?G@ N ygo be the heart of the ¢-structure. Then each object of ﬂé’ can be obtained from objects
of ¢ by taking shifts and extensions.

Definition B.1. The projective dimension of an object X in ﬁé’ with respect to G is defined to
pdimg(X) :=inf{n € Z | Hom#(X,Y[i]) =0, Vi>n, Y € T&N 350}

=inf{n € Z |Hom4 (X,Y[i]) =0, Vi > n, Y € J;}.
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Clearly, pdimg (X [n]) = pdimg(X) +n for any n € Z. Moreover, for a triangle X; — X, — X3 — X [1]
in 7, pdimg(X>) < max{pdimg;(X;),pdimg(X3)}. Thus the full subcategory of .72 consisting of all
objects X with pdimg(X) < oo is a triangulated subcategory of 7 closed under direct summands.

Definition B.2. The big finitistic dimension and finitistic dimension of .7 with respect to G are defined:
FPD(.7,G) := sup{pdim;(X) | X € 72N F:°, pdimg(X) < oo},
fpd(7,G) := sup{pdimg(X) | X € 7N TE N JZ°, pdimg(X) < oo},

Similar to Corollary the finiteness of FPD(.7,—) and fpd(.7,—) is independent of the choice
of different compact generators of .7. For unbounded derived categories of ordinary rings, we have the
following result.

Proposition B.3. Let R be a ring. Then FPD(Z(R),R) = Findim(R) and fpd(Z(R),R) = findim(R).

Proof. Let J := Z(R) and G := gR. Then Propositioncan be shown by the following fact:

Let X*:0— X% — X! - X2 — ... = X" — 0 be a bounded complex in Z(R) such that H*(X*) is
nonzero and all X' are projective for 1 < i < m € N. Then pdimg(X*) (in the sense of Definition is
equal to the projective dimension of X° as an R-module. O

A close relationship between Definitions[I.3]and [B.2]is given in the following proposition:

Proposition B.4. Let 7 be a compactly generated triangulated category which has a (nonzero) compact
generator G with Hom (G, Gli]) = 0 for |i| > 0. Suppose that (7°)°P is triangle equivalent to U,
where % is a compactly generated triangulated category. Then:

(1) fpd(.7,G) < findim(.7¢, G) + a, where a := inf{n € N | Hom (G, G[i]) = 0,i > n}.

(2) If % has a compact generator H with H[b,)* C %Ifo for some integer b (for example, U is a
weakly approximable triangulated category in the sense of Neeman, see [30,|14)]), then there is an integer
¢ such that findim(.7¢,G) < fpd(.7,G) +c.

(3) If Hom 7 (G, G[i]) = 0 for all i > 0, then fpd(.7,G) < findim(.7¢,G) < max{0, fpd(.7,G)}. In
particular, findim(.7¢, G) is finite if and only if fpd( 7, G) is finite.

Proof. We first show fpd(.7,G) = sup{pdimg(X) | X € 7N F;°}.

By Example 950 = @(ﬂo’o} and <7G20 = G(—o0,—1]*. Since Hom #(Gli],G) = 0 fori > 0, we
have G € Z%. Clearly, G is a classical generator of 7. This implies .7¢ C 7. Since Hom 7 (G, G[i]) =0
fori > a, G € Gla+1,%0)+. Observe that G[a+ 1,00)* C .7 is closed under extensions, positive shifts and
coproducts. Thus 350 C Gla+ 1,0)*. In particular, Hom#(G,Y[i]) = 0 fori > aand Y € 72N 350.
This forces pdim(G) < a. Obviously, pdim;(G) > 0by 0 # G € F2N 950. Since G generates .7¢,
pdimg(X) < oo forany X € 7¢. So, fpd(.7,G) = sup{pdimg(X) | X € 7N T;"}. As G[t] € 7N F°
for some integer ¢, we obtain fpd(.7,G) > pdimg;(G[t]) = pdimg(G) +1t >t > —oo.

(1) Note that 7N 9(?0 = F°NG(—o0,—1]*, and that pdim;(X) < pdim(G) for any X € (G)[0=),
due to pdimg(Gli]) = pdimg(G) + i < pdimg(G) for any i < 0. If TN G(—o0, — 1]+ C (G) %) [n] for
some n > 0, then pdim;(X) <n+aforany X € 7N 9020. Thus fpd(.7,G) < findim(.7¢,G) +a.

(2) If fpd(.7, G) = oo, then the inequality in (2) holds trivially. So, we assume m := fpd(.7,G) < co.
Let X € 7N .Z7°. Then pdimg(X) < m. Since G € F2 N F;°, Homz(X,G[j]) =0 for j > m+1.
Now, let @ : (.7°)°P — % be a triangle equivalence and N := ®(G). Then N is a classical generator of
% ¢, and Homgy«(N,®(X)[j]) = 0 for j > m+ 1, that is, ®(X) € N[m+ 1,00)". Suppose that % has a
compact generator H with H[b, o)+ C dZ/,fO for some integer b. One one hand, since H and N generate
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equivalent ¢-structures on %/, there is a nonnegative integer e with %Hg*e C aZ/NgO. On the other hand,
since (H) = % ¢ = (N), there is an integer ¢ > —m with N[1 —¢,o0)~ C H[b — e, o). Thus

N[l —c,00)t C H[b, o) [e] € % e] = %5 ¢ C U °.

Letd :=m+c. Then N[m+ 1,00)= = (N[1 —¢,00) 1) [~d] € %y°[~d]. From ®(X) € N[m+ 1,00)- and
X € .7¢ we see that ®(X) € %N (%Ngo[_ 1), and therefore ®(X[—d]) € % “N %", Moroever, by
Lemma 1), N Uy = (N)—=0. Hence ®(X[—d]) € (N)=U. Since ® is a triangle equiva-
lence, we obtain X[—d] € (G)[>*). Consequently, .7¢ N G(—o0, —1]= = .7¢N 950 C (G)O)[d]. Thus
findim(.7¢,G) < d.

(3) By the equivalence ®, Hom (G, G[i]) ~ Homy, (N, N[i]) for i € Z. Suppose Hom # (G, G[i]) =
fori > 0. Thena = 01in (1) and Homy, (N,NJi]) = 0 for i > 0. Since G generates .7, N generates % ©. It
follows that N is a compact generator of %/. By [8, Chapter III, Proposition 2.8], %y <O N[1,0)%. So,
in the proof of (2), we can take H := N, b:=1, ¢ := 0 and ¢ := max{0, —m}. Now, (3) is a combination
of (1) and (2). O

Now, we apply Proposition [B.4(3) to derived categories of nonpositive DG rings.

Let R := @,z R be a DG ring. For a left DG R-module X and for each integer n, the n-th cohomology
group of X is denoted by H"(X). We say that R is nonpositive if R = 0 for i > 0; bounded if H'(R) = 0 for
almost all i; left noetherian if H°(R) is left noetherian and H'(R) € H°(R)-mod for i € Z. Each ordinary
ring can be regarded as a bounded and nonpositive DG ring concentrated in degree 0.

Note that the (unbounded) derived category Z(R) of left DG R-modules is a compactly generated
triangulated category with gR as a compact generator. Thus both FPD(Z(R),R) and fpd(Z(R),R) are
defined. They have connections with the following definition. Recall that .@J’Z (R) denotes the full subcat-
egory of Z(R) consisting of objects X with H(X) = 0 whenever |i| > 0, and H(X) € H°(R)-mod for all
i € Z (see Section [2.4).

Definition B.5. [9, Definition 7.1] Let R be a left noetherian and nonpositive DG ring.

The big finitistic dimension of R, denoted by FPD(R), is defined to be the supremum of the projective
dimensions of left DG R-modules X which satisfies pdimg(X) < o and H(X) = 0 whenever i < 0 and
i>0.

The finitistic dimension of R, denoted by fpd(R), is defined to be the supremum of the projective
dimensions of left DG R-modules X € .@}’ (R) which satisfies pdimg(X) < eo and H'(X) = 0 for i < 0.

By definition, fpd(Z(R),R) < fpd(R) < FPD(R) = FPD(Z(R),R). A further relationship between
fpd(R) and findim(Z(R)“, R) is given as follows.

Corollary B.6. Let R be a left noetherian, nonpositive and bounded DG ring.
(1) If fpd(R) < oo, then findim(Z(R)“,R) < max{0,fpd(R)}. In this case, findim(Z(R)¢) < oo.
(2) If R is commutative and dim(H°(R)) < oo, then findim(Z(R)¢,R) < dim(H°(R)).

Proof. Note that Homg gy (R[i],R) ~ H™'(R) for i € Z. Since R is nonpositive and bounded, H'(R) =0
fori> 0ori < 0. Clearly, the derived functor RHomg(—,R) : Z(R) — Z(R°P) restricts to an equivalence
(Z(R)°)°P — Z(R°P) of triangulated categories. Now, we apply Proposition[B.4(3) to the pair (Z(R), gR)
and obtain findim(Z(R)“, R) < max{0, fpd(Z(R), R)} < max{0,fpd(R)}. Then (1) holds by Corollary
Recall that fpd(R) < FPD(R). Further, if R is commutative, then FPD(R) < dim(H(R)), due to [9]
Theorem C]. Thus (2) holds. O

Note that each pretriangulated DG category can be converted to a stable co-category, for example,
by taking differential graded nerve (see [24, Section 1.3.1]), such that both categories have equivalent
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homotopy categories. In this way the derived category of a DG ring (i.e. a DG category with one object)
can be realized as the homotopy category of an [E;-ring spectrum. Now, a combination of Corollaries |A.7
and [B.6[(1) yields the following result.

Corollary B.7. Let R be a left noetherian, nonpositive and bounded DG ring. Suppose fpd(R°P) < eo.
Then:

(1) The category Z(R)¢ has a bounded t-structure if and only if Z(R)‘ = .@JIZ(R).

(2) All bounded t-structures on any triangulated category between Z(R)¢ and @}’ (R) are equivalent.

Finally, we recall a different notion of finitistic dimensions of triangulated categories introduced by
Krause (see [23]]), and compare it with Definition (1.3
Let .~ be a triangulated category. For a pair (X,Y) of objects in .7, let

Axy:={n€Z|Homy(X,Y[n]) #0} and h(X,Y):=sup{|i—j||i,j € Axy}+1.

We understand A(X,Y) = — if Axy = 0. For X € . and m > 0, let amp(X) := sup{|n| | n € Ax x } and
hom™(X) :={Y € & | h(X,Y) < m}. We say that X is homologically finite if h(X,Y) < e forany Y € .77
equivalently, the set Ay y is finite for any ¥ € ..

Definition B.8. [23, Definition 2.3] An object X of the category . is called a finitistic generator of .7 if
X is homologically finite and hom™(X) C (X),, for all m > 0, where (X)o := 0.

The finitistic dimension of . is defined as fin.dim(.%’) := inf{amp(X) | X is a finitistic generator of .7 }.
If no finitistic generator of .¥ exists, then fin.dim(.7) = oo.

By [23] Remark 2.4(2)], a necessary condition for the existence of a finitistic generator of . is that all
objects of % are homologically finite. This means that our definition of finitistic dimension (see Definition
is different from Krause’s definition. For example, the category 2”(R-mod) for an Artin algebra R
of infinite global dimension does not satisfy this necessary condition, but has finitistic dimension zero in
our sense (see Corollary 4.3). But Krause’s definition and our definition still have some commonalities:

Each finitistic generator must be a classical generator. In our discussions, we also prefer the finitistic
dimension of a triangulated category at a classical generator (see Corollary [4.2). Further, the existence
of a strong generator implies the one of a finitistic generator provided that all objects of the triangulated
category are homologically finite (see [23, Remark 2.4(3)]). This can be compared with Proposition
Finally, by [23, Theorem 3.1], for an ordinary ring R, we see that findim(R) < o if and only if
fin.dim(.#"*(R-proj)) < oo in the sense of Definition The same statement in our sense also holds true

(see Lemma[.1{(5)).
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